Remote lift fan study program, volume 4 by unknown
NASA CR 121277 
R73AEG120 
REMOTE LIFT FAN STUDY PROGRAM 
VOLUME I V  
GENERAL ELECTRIC COMPANY 
ADVANCED ENGINEERING & TECHNOLOGY PROGRAMS DEPARTMENT 
AIRCRAFT ENGINE GROUP 
C i n c i n n a t i ,  O h i o  45215 
for 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
NASA-Lewis R e s e a r c h  C e n t e r  
C l e v e l a n d ,  O h i o  44135 
C o n t r a c t  NAS3-14406 
R i c h a r d  J. R o e l k e ,  Project Manager 
https://ntrs.nasa.gov/search.jsp?R=19740001937 2020-03-23T14:06:12+00:00Z
1. Report No. 2. Government Akession No. 
CR 121277 
4. Title and Subtitle 
R e m o t e  L i f t  Fan Study Program 
Volume I V  
3. Recipient's Catalog No. 
5. Report Date 
May, 1973 
6. Performing Organization Code 
17. Key Words (Suggested by Author(s)) 
I 
7. Author(s1 8. Performing Organization Report No. I 
18. Distribution Statement 
I R73AEG120 I 
19. Security Classif. (of this report) 
Unclassif ied 
10. Work Unit No. 
9. Performing Organization Name and Address 
20. Security Classif. (of this page) 21. NO. of Pages 22. Price' 
Unclassified 208 - 
General Electric Company 
Cincinnat i ,  Ohio 45215 
11. Contract or Grant No. 
NAS3-14406 
13. Type of Report and Period Covered 
Contractor Report 12. Sponsoring Agency Name and Address 
National Aeronautics & Space Administration 
Washington, D.C. 20546 14. Sponsoring Agency Code I 
I 
15. Supplementary Notes 
Projec t  Manager, Richard J. Roelke, Fluid System Components Divis ion 
NASA Lewis Research Center Cleveland, Ohio 
16. Abstract 
This repor t  i s  the f o u r t h  volume of the  f i n a l  technical  repor t  present ing 
r e s u l t s  of a study program t o  s e l e c t  and conduct preliminary design of 
advanced technology l i f t  f a n  systems t o  m e e t  low noise goa ls  of f u t u r e  
V/STOL t ranspor t  a i r c r a f t .  This  volume contains  r e s u l t s  of addi t iona l  
s t u d i e s  conducted to  support the main preliminary design e f f o r t  done under 
the  Remote  L i f t  Fan Study Program (Contract NAS3-14406) and a companion 
e f f o r t ,  t h e  I n t e g r a l  L i f t  Fan Study (NAS3-14404). These r e s u l t s  cover 
FOREWORD 
This i s  Volume I V  of a f i v e  volume Technical Report present ing r e s u l t s  
under the Remote L i f t  Fan Engine Study Program (Contract NAS3-14406) conducted 
by General Electric f o r  the NASA-Lewis Research Center during t h e  t i m e  period 
June, 1971 t o  August, 1972. This e f f o r t  w a s  performed as p a r t  of an extension 
t o  t h e  o r i g i n a l  con t r ac t  which w a s  i n i t i a t e d  i n  September, 1970, and a l s o  
includes work content r e l a t e d  t o  Contract NAS3-14404. 
Major ob jec t ives  of t h e  program are: 
e The execution of a conceptual and preliminary design study of 
advanced technology remote l i f t  f a n  engines. 
0 The i d e n t i f i c a t i o n  of high bypass, low no i se  engine configurat ions 
f o r  a p p l i c a t i o n  t o  f u t u r e  V/STOL t r anspor t  a i r c r a f t .  
0 Support AMES research and commercial a i r c r a f t  s t u d i e s .  
The tasks reported h e r e i n  include: 
e Engine Emission Study 
0 A i r c r a f t  Studies  Support Information 
e Research Airplane Engine Survey 
Other Tasks under t h e  Contract w e r e  reported i n  NASA CRs 120970, 120971, 
and 120972. Section I11 E., pages 45 through 69 are reported i n  Volume V 
CR 121278. 
A comparison I n t e g r a l  L i f t  Fan Engine Study (Contract NAS3-14404) w a s  
conducted f o r  NASA-Lewis Research Center during t h e  s a m e  t i m e  period as t h e  
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INTRODUCTION AND SUMMARY 
Under t h e  i n i t i a l  t a sks  of t h e  Remote L i f t  Fan Study Program, General 
Electric conducted s t u d i e s  f o r  t h e  NASA-Lewis Research Center on advanced 
technology l i f t  fan engines, These s t u d i e s  r e su l t ed  i n  t h e  s e l e c t i o n  and 
preliminary design of two a l t e r n a t i v e  low no i se  remote l i f t  fan  systems f o r  
appl icat ion t o  fu tu re  V/STOL commercial t r anspor t  a i r c r a f t .  Coincident with 
these  remote fan s t u d i e s ,  an I n t e g r a l  L i f t  Fan Study (NAS3-14404) was a l s o  
conducted t o  provide a b a s i s  f o r  evaluat ion and comparison of t h e  two alter- 
native l i f t  engine approaches. 
Following completion of t h e  engine designs these  s t u d i e s  w e r e  extended, 
i n  response t o  NASA's request ,  t o  include t h e  following add i t iona l  ac t iv i t ies :  
0 Defini t ion of a low t i p  speed fan  r o t o r  design f o r  an i n t e g r a l  
fan engine 
a A gas ducting design study f o r  app l i ca t ion  t o  remote fan  
engines 
0 A study of engine emissions 
0 Provision of support information f o r  t h e  a i r c r a f t  s t u d i e s  
being conducted by t h e  NASA-Ames a i r c r a f t  contractors  
0 Generation of l i f t  engine economic information 
0 A review of cu r ren t ly  ava i l ab le  engines t o  e s t a b l i s h  s u i t -  
a b i l i t y  as poss ib l e  a l t e r n a t i v e  research a i rp l ane  power- 
p l an t s  
The f i r s t  two items above were reported i n  t h e  f i n a l  t echn ica l  r epor t s  
on t h e  engine designs f o r  t h e  ILF and RLP engines, respect ively.  Results 
of t he  remaining i t e m s  are presented i n  t h i s  r epor t .  
ENGINE EMISSIONS 
Several  alternative combustor configurations w e r e  i nves t iga t ed  f o r  t h e  
ILF reverse flow combustor t o  control  carbon monoxide and unburned hydrocarbon 
emissions a t  t h e  i d l e  condition. Included were a two-stage system, a va r i ab le  
blockage flow con t ro l  system, and a f l u i d i c  con t ro l  system. A l l  of t h e  designs 
appeared t o  be capable of providing t h e  required high combustion e f f i c i ency  
levels and low emissions. 
Both t h e  tu rbo je t  and turbofan gas generators f o r  t h e  RLF systems incor- 
porate  double annular combustors, providing a considerable degree of i d l e  emission 
control  by allowing the  f u e l  flow t o  one of t h e  a n n u l i i  t o  b e  shu t  o f f .  
control  may a l s o  b e  provided by v a r i a b l e  blockage of t h e  center  d i f f u s e r  passage 
o r  by v a r i a b l e ,  thermostat ical ly  control led t h r o t t l e  p l a t e s .  
Additional 
Nitrogen oxide l e v e l s  were estimated using a r ecen t ly  constructed analyt i -  
cal  model u t i l i z i n g  mixing rates set t o  provide agreement with ava i l ab le  engine 
combustor data.  Predicted emission levels a t  t h e  nominal l i f t  condition exceeded 
object ive levels f o r  t he  RLF system u t i l i z i n g  t h e  t u r b o j e t  gas generator and 
a l s o  f o r  t h e  ILF engine B.  Approaches o f f e r ing  t h e  p o t e n t i a l  f o r  lower ni t rogen 
oxide l e v e l s ,  as w e l l  as GO and H/C emissions, are discussed. 
AIRCRAFT STUDIES SUPPORT 
Engine Performance 
Additional ILF ,and RLF engine system s t u d i e s  were conducted under t h i s  task  
i n  support of the  Ames Contractor V/STOL s tud ie s .  
i n s t a l l e d  V/STOL and i n t e r n a l  c r u i s e  performance were furnished f o r  systems in- 
corporating the  1.25 pressure r a t i o  l ift u n i t .  System A u t i l i z e d  t h e  t u r b o j e t  
gas generator ,  and System C u t i l i z e d  the  turbofan. 
a ted f o r  f l i g h t  v e l o c i t i e s  up t o  150 knots a t  a l t i t u d e s  t o  2000 feet ,  and in-  
cludes a range of power s e t t i n g s  and fan e x i t  louver angles. 
covers Mach numbers t o  0.9 and a l t i t u d e s  t o  40,000 feet. 
For t h e  RLF systems, estimated 
V/STOL performance w a s  gener- 
Cruise performance 
Double S ize  RLF L i f t  Unit 
Based on input from t h e  a i rcraf t  company s t u d i e s ,  t h e  sca l ing  range of t h e  
1.25 pressure r a t i o  l i f t  u n i t  w a s  extended from 1.5 t o  2.0. The double s i z e  
design w a s  e s s e n t i a l l y  sca l ed  up from the  reference configuration; however, 
trade-off i nves t iga t ions  of acous t i c  treatment a l t e r n a t i v e s  showed an advantage 
i n  changing from four fan e x i t  s p l i t t e r s  t o  five. The f i n a l  design has a 500- 
foot  s i d e l i n e  noise level equal t o  t h a t  of the reference s i z e  l i f t  un i t .  Weight, 
configuration, and performance s c a l i n g  f a c t o r s  w e r e  determined from the  double 
s i z e  fan. 
RLF INLET ACOUSTIC SUPPRESSION 
The e f f e c t s  of i n l e t  no i se  suppression treatment were determined f o r  a 
c ru i se  fan configuration of RLF System A ( tu rbo je t / l . 25  pressure r a t i o  l i f t  
u n i t ) .  
evaluation of performance changes f o r  a range of suppression l e v e l s  and con- 
f igu ra t ion  a l t e r n a t i v e s .  F ina l  r e s u l t s  showed t h a t  gas generator i n l e t  no i se  
suppression is less cos t ly  i n  terms of system performance than c r u i s e  fan i n l e t  
noise suppression. 
A representat ive i n l e t / n a c e l l e  configuration w a s  u t i l i z e d  t o  allow 
Commercial A i r c r a f t  Noise Contours 
Noise f o o t p r i n t s  were calculated f o r  each of t h ree  proposed commercial 
a i r c r a f t  configurations.  The ind iv idua l  c h a r a c t e r i s t i c s  of each aircraft ,  
including take-off p r o f i l e ,  engine loca t ion ,  engine t h r u s t  s i z e ,  and t h r u s t  
scheduling w e r e  accounted f o r  using information supplied by t h e  respect ive 
2 
a i r c r a f t  companies. Results i n d i c a t e  t h a t  a t o t a l  system no i se  exposure 
c r i t e r i a  might be appropriate  as opposed t o  a single-point s i d e l i n e  no i se  
object ive.  
include only r e s u l t s  pe r t a in ing  t o  t h a t  s p e c i f i c  company's a i r c r a f t  design.) 
(Note t h a t  copies of t h i s  r epor t  going t o  a i r c r a f t  companies w i l l  
Control Performance and Transient  Response Studies 
Studies have shown t h e  d e s i r a b i l i t y  of combining the  V/STOL a i r c r a f t  
a t t i t u d e  control  system with t h e  main th rus  t-producing propulsion components. 
The combination of these two funct ions n e c e s s i t a t e s  d e f i n i t i o n  of appl icable  
design requirements. Although general  types of design criteria can b e  esta- 
b l i shed ,  s p e c i f i c  requirements can only be obtained through d e t a i l e d  in t eg ra t ed  
a i r c r a f t  propulsion system s t u d i e s  and tests. Assumed c h a r a c t e r i s t i c s  and 
t e n t a t i v e  t r a n s i e n t  requirements are presented. 
Advanced RLF Systems Using Turbofan G a s  Generators 
A proposed control  system s p e c i f i c a l l y  appl icable  t o  turbofan gas generators 
w a s  invest igated.  A method of modulating power using a p a r t i c u l a r  combination 
of burner temperature r ise and con t ro l  valve pressure loss allows modulation of 
l i f t  un i t  t h r u s t  with no change i n  gas generator operat ing conditions.  This 
type of system el iminates  t h e  contr ibut ion of t h e  gas generator from t h e  o v e r a l l  
system t r a n s i e n t  response and i s  capable of meeting t h e  requirement f o r  an 
e f f e c t i v e  t i m e  constant of 0.2 second. 
RESEARCH AIRPLANE ENGINE SURVEY 
Exis t ing General Electric tu rb ine  engines w e r e  surveyed as possible  alter- 
na t ive  powerplants f o r  t he  Ames Research V/STOL a i r c r a f t  s t u d i e s .  Turbojet  
and turboshaft  engines were evaluated,  and t h e i r  c h a r a c t e r i s t i c s  as RLF system 
gas generators w e r e  determined. Unsupercharged turbofan cores w e r e  a l s o  inves- 
t i g a t e d  wi th  t h e  tu rb ine  temperature reduced proport ionately t o  provide t h e  
same tu rb ine  flow function as t h e  normal supercharged fan  version. F ina l ly ,  
t he  c h a r a c t e r i s t i c s  of a i r  pump compressors which could be obtained by using 
t h e  f ron t  s t ages  of e x i s t i n g  compressors w e r e  evaluated. Survey r e s u l t s  showed 
t h a t  t he  LF460/YJ97-GE-100 remained t h e  most s u i t a b l e  propulsion system f o r  t h e  
research a i r c r a f t .  
3 
SECTION I1 
ENGINE EMISSION STUDY 
A. INTRODUCTION 
I n  conventional t u r b o j e t  combustors t h e  combustion e f f i c i ency  is  low a t  
i d l e  conditions , and carbon monoxide (CO) and unburned hydrocarbon (H/C) 
emission levels become s i g n i f i c a n t .  Under t h i s  task  several alternative com- 
bus tor  designs were inves t iga t ed  t o  achieve good e f f i c i ency  and low emissions 
a t  i d l e .  A l l  of t he  designs presented should allow achievement of low emissions 
without penalizing performance a t  high power s e t t i n g s  ( a t  the expense, however , 
of increased complexity). 
Emissions of t h e  oxides of n i t rogen  (NO ) become s i g n i f i c a n t  a t  high power 
s e t t i n g s .  These emissions increase with increasing combus t o r  i n l e t  temperature 
and pressure,  and approach object ive- l imit ing l e v e l s  f o r  t h e  combus t o r s  under 
inves t iga t ion  at  t h e  nominal l i f t  conditions.  
X 
B. COMBUSTOR CONFIGURATIONS FOR ILF 
Several  a l t e r n a t i v e  configurat ions w e r e  i nves t iga t ed  f o r  t h e  I n t e g r a l  L i f t  
Fan Configuration which incorporates  a reverse flow combustor. A two-stage 
combustion system designed t o  control  i d l e  emissions (CO and H/C) by admitt ing 
f u e l  only t o  the  inne r  dome a t  t h e  i d l e  power s e t t i n g  is  shown i n  Figure 1. 
This permits t h e  inne r  dome t o  operate  a t  near ly  s toichiometr ic  values of fuel-  
a i r  r a t i o  at  i d l e ,  which r e s u l t s  i n  high combustion e f f i c i ency  and low emissions 
at  t h i s  condition. As t h e  t h r o t t l e  i s  advanced, t h e  fue l - a i r  r a t i o  i n  t h e  inne r  
annulus, o r  f i r s t  s t age ,  remains constant;  and, f u e l  i s  introduced i n t o  t h e  
outer  annulus, o r  second s t age ,  t o  increase t h e  combustor temperature rise, as 
required. 
A va r i ab le  blockage flow control  system is i l l u s t r a t e d  i n  Figure 2 .  The 
blockage system is located on the  ou te r  l i n e r  of t h e  burner near t h e  dome end. 
A t  t he  i d l e  power s e t t i n g ,  t he  blockage area would be reduced t o  reduce the  
dome airf low,  increasing the  fue l - a i r  r a t i o  i n  t h e  primary zone t o  near  s t o i c h i -  
ometric levels (which would increase the  combustion e f f i c i e n c y  and reduce 
emissions).  A s  t he  t h r o t t l e  i s  advanced, the  blockage would open up t o  admit 
more a i r  t o  the  combustor dome, which would maintain high combustion e f f i c i ency  
levels at  a l l  power s e t t i n g s  a 
A f l u i d i c  control  system is  i l l u s t r a t e d  i n  Figure 3. The ou te r  l i n e r  a i r -  
flow, which passes through the  tu rb ine  s t a t o r  vanes, e n t e r s  the  plenum chamber 
of a f l u i d i c  flow d iv ider .  The flow d iv ide r  d i r e c t s  t h e  a i r  t o  t h e  combustor 
dome o r  t o  the  ou te r  secondary d i l u t i o n  holes  dependent on the  s m a l l  amount of 
airflow from t h e  v e n t i l a t i o n  ho le s  i n  t h e  inne r  and o u t e r  s t e p  regions.  A t  
t h e  i d l e  power s e t t i n g ,  t h e  flow t o  the  inne r  v e n t i l a t i o n  ho le s  is  cut off and 
t h e  outer  s t e p  is ven t i l a t ed ,  which d i v e r t s  most of t h e  o u t e r  l i n e r  a i r f low t o  






Figure 1. Staged Reverse Flow Combustor. 
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Figure 3. Reverse Flow Combustor with Fluidic Flow Control. 
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combustor. This  r e s u l t s  i n  h igher  combustion e f f i c i ency  and reduced emissions 
a t  i d l e  candi t ions.  A t  a predetermined t h r o t t l e  s e t t i n g ,  t he  ou te r  l i n e r  flow 
is switched t o  t h e  dome end of t he  burner  by v e n t i l a t i n g  t h e  inne r  s t e p  and 
cu t t i ng  of f  the  flaw t o  t h e  o u t e r  v e n t i l a t i o n  holes .  
bust ion e f f i c i ency  a t  t he  high t h r u s t  power s e t t i n g s .  
This  provides high com- 
C .  COMBUSTOR CONFIGURATIONS FOR RLF 
A double annular combustion system f o r  a Remote L i f t  Fan engine configura- 
t i o n  is shown i n  Figure 4. A considerable  degree of i d l e  emission con t ro l  can 
be  obtained by shu t t ing  of f  t h e  f u e l  flow t o  one annulus at i d l e  condi t ions.  
However, add i t iona l  cont ro l  i s  provided i n  this  design by va r i ab le  blockage 
area a t  the  e x i t  plane of the  center  d i f f u s e r  passage. Flow area would be 
reduced at the  i d l e  condi t ion t o  provide a near ly  s to ich iometr ic  fue l -a i r  
r a t i o  i n  the  burner  primary zone, which would increase  combustion e f f i c i ency  
and reduce i d l e  emissions.  A s  t he  engine t h r o t t l e  is advanced, t h e  flow area 
would be increased t o  provide the  cor rec t  stoichiometry and high combustion 
e f f i c i ency  at  a l l  operat ing condi t ions.  
This same degree of cont ro l  is  provided by t h e  thermostat ic  t h r o t t l e  
p l a t e s  i l l u s t r a t e d  i n  Figure 5; b u t ,  f o r  t h i s  configurat ion,  an ex te rna l  actua- 
t i o n  system is not required.  The pos i t i on  of t he  t h r o t t l e  p l a t e s  is a funct ion 
of the  temperature of t he  b i m e t a l l i c  s t r i p s  t h a t  support the  plates .  A t  i d l e  
condi t ions,  when the  temperature of t he  compressor discharge air  is  low, t h e  
t h r o t t l e  p l a t e s  are closed and a i r f low t o  t h e  primary zone of the  burner  is  
reduced. A s  engine speed inc reases ,  the  compressor discharge temperature in- 
creases ,  and the  t h r o t t l e  p l a t e s  open up t o  admit more a i r  t o  the  primary zone. 
This  operation automatical ly  provides the  cor rec t  a i r f low t o  the  primary zone 
of the  burner ,  providing high combustion e f f i c i ency  and low emissions throughout 
t he  operating range of the  engine. 
D. OXIDES OF NITROGEN 
The ni t rogen oxide l e v e l s  t o  be  expected i n  t h e  proposed I n t e g r a l  and 
Remote L i f t  engines,  have been est imated with the  he lp  of a recent ly  constructed 
a n a l y t i c a l  model f o r  n i t rogen  oxide formation i n  combustors, as w e l l  as from 
ava i l ab le  experimental da t a  on n i t rogen  oxide emissions from engines. 
The a n a l y t i c a l  model u t i l i z e s  chemical k i n e t i c  ca l cu la t ions  f o r  t he  n i t rogen  
oxide generation process,  assuming equi l ibr ium concentrat ions of f r e e  r ad ica l s .  
S t a r t i n g  with a fuel-r ich combustion gas mixture, t h e  gas i s  d i lu t ed  with com- 
pressor  discharge value.  The primary inf luences on t h e  n i t rogen  oxide l e v e l  are 
t h e  combustor i n l e t  temperature and pressure .  For i n i t i a l  ca lcu la t ions ,  the  
mixing rates i n  the  combustor model w e r e  set t o  provide agreement wi th  ava i l ab le  
engine da t a  on n i t rogen  oxide emissions. 
U t i l i z i n g  the  a n a l y t i c a l  model, estimates were made f o r  t h e  n i t rogen  oxide 
emission levels of t h e  Remote L i f t  System Turbojet  and Turbofan gas generators  
and l i f t  u n i t  duct combustors a t  s tandard and hot  day operat ing conditions and 
7 
Figure 4 .  Double Annular Combustor wi th  Variable  Flow Control Blockage. 
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Thermostatic Throttle Plates I-- 
Figure 5. Double Annular Combustor with Thermostatic Throttle Plate 
Flow Control. 
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f o r  the  I n t e g r a l  L i f t  Fans A and B at  h o t  day conditions.  
sented t h e  p red ic t ions  f o r  t he  Remote L i f t  Fan System incorporat ing a t u r b o j e t  
gas generator.  The predicted emission l e v e l  a t  t h e  nominal l i f t  condition 
(10,000 l b s  l i f t )  i s  8 . 2  l b s  of N02/1000 l b s  of f u e l .  
object ive level of 4.6 Ibs  N02/1000 l b s  of f u e l  o r  3.0 l b s  N0/1000 l b s  of f u e l .  
For hot  day conditions,  higher  combustion i n l e t  temperatures occur at the  same 
l i f t  force r e s u l t i n g  i n  s i g n i f i c a n t l y  increased ni t rogen oxide formation rates. 
In  Figure 7 are presented t h e  p red ic t ions  f o r  t h e  Remote L i f t  System incorpora- 
t i n g  t h e  turbofan gas generator. The design po in t  pressure r a t i o  of t h e  turbo- 
jet  system w a s  1 4 ~ 1 ;  f o r  t h e  turbofan system, t h e  design po in t  cycle  pressure 
r a t i o  of 3.6:l. These lower pressure r a t i o s  he lp  t o  l i m i t  t he  n i t rogen  oxide 
levels. In  addi t ion t o  t h e  emission levels from each combustor, t he  combined 
emission from the  two streams is  a l s o  shown on t h e  f igu re .  The predicted l e v e l  
f o r  t h e  nominal l i f t  condition, f o r  t h e  combined airf low of main combustor and 
l if t  un i t  combustors, does no t  exceed t h e  ob jec t ive  l e v e l .  
I n  Figure 6 are pre- 
This compares with an 
Predict ions f o r  t h e  I n t e g r a l  L i f t  Fan Engine A and Engine B a t  ho t  day 
conditions are presented i n  Figure 8. 
r a t i o s  of 1 O : l  and 7 : l .  
These engines have design cycle pressure 
Analyses have i d e n t i f i e d  two use fu l  methods f o r  reducing t h e  ni t rogen oxide 
l eve l s .  The levels w i l l  be reduced i f  the  flame temperatures 'are reduced, o r  
if the  mixing rates are increased i n  t h e  combustor i n  the  regions where ni t rogen 
oxide formation occurs,  r e s u l t i n g  i n  s h o r t e r  h o t  gas residence t i m e s .  The 
flame temperature can be reduced by i n j e c t i n g  water i n t o  t h e  primary zone region. 
This i s  the  only method thus far  i d e n t i f i e d  with the  capab i l i t y  f o r  adequately 
reducing t h e  high ni t rogen oxide l e v e l s  of very high pressure r a t i o  engines 
(above 20: l ) .  
r a t i o s ,  adjustment i n  mixing rates may be adequate f o r  l i m i t i n g  ni t rogen oxide 
emissions t o  the  des i r ed  levels. The use of s h o r t  combustors should produce 
f a s t e r  mixing rates and should r e s u l t  i n  decreased n i t rogen  oxide formation 
r e l a t i v e  t o  longer combustors. The combustors proposed €or these l i f t  engines 
are a l l  sho r t  compared with the configurat ions used f o r  model c a l i b r a t i o n  and 
should, t he re fo re ,  o f f e r  t h e  p o t e n t i a l  f o r  lower n i t rogen  oxide levels than 
t h e  levels shown i n  Figures 6 through 8. 
However, f o r  these l i f t  engines, which operate  a t  lower pressure 
Predict ion of t he  d i f f e rence  i n  mixing rates between two combustors having 
d i f f e r e n t  geometries is  complex; a t  p re sen t ,  only very s impl i f i ed  approximations 
are avai lable .  One such approximation is  t o  assume t h a t  t h e  residence t i m e  f o r  
any port ion of t h e  ni t rogen oxide formation process is  proport ional  t o  t h e  over- 
a l l  combustor residence t i m e ,  and t h a t  t h i s  i s  r e l a t e d  t o  t h e  parameter (combustor/ 
length/reference ve loc i ty ) .  
engine compared with the  c a l i b r a t i o n  engine. I f  i t  is  assumed t h a t  t he  n i t rogen  
oxide formation rates are proport ional  t o  t h i s  residence t i m e  parameter, then 
the  o v e r a l l  emission level w i l l  a l s o  b e  almost exac t ly  proport ional .  Using 
t h i s  b a s i s  f o r  es t imat ing the  possible  e f f e c t s  of t h e  s h o r t  combustors, new 
emission levels w e r e  calculated and are shown i n  t h e  t a b l e .  I f  t h e  ni t rogen 
oxide levels are, i n  f a c t ,  reduced t o  the  f u l l  extent indicated by t h i s  calcu- 
l a t i o n ,  then t h e  emission levels f o r  a l l  of t hese  engines would be below the  
object ive l e v e l s .  Since t h e  l o c a l  mixing i s  con t ro l l ed  by f ac to r s  o the r  than 
residence t i m e  alone,  t h e  a c t u a l  levels are expected t o  be between the  levels 
In  T a b l e  I ,  t h i s  parameter is  shown f o r  each l i f t  
10 
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Figure 7.  Nitrogen Dioxide Emission for Remote System with Turbofan 
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calculated f o r  t he  two d i f f e r e n t  residence t i m e s ;  and, some of these engines 
may i n i t i a l l y  exceed t h e  ob jec t ive  emission l e v e l s .  However, t h e  i n i t i a l  
emission levels w i l l  be  c lose  enough t o  object ives ,  t h a t  modifications t o  
a t t a i n  the  desired levels should be achievable with a reasonable development 
e f f o r t  . 
E.  COMBUSTION EFFICIENCY EFFECTS 
The CO and H/C levels shown i n  Figure 9 are i n t e r r e l a t e d .  A high CO value 
is accompanied by a low H/C value. 
combinations of CO and H/C values are pass ib l e  at a given level of combustion 
e f f i c i ency .  This  s p l i t  betwen CO and H/C w i l l  be dependent on a given engine 
design and must be e s t ab l i shed  through test  measurements. 
The wide band is  due t o  t h e  f a c t  t h a t  various 
A s  indicated by Figure 10, t h e  RLF and ILF engines (which are character ized 
by low pressure r a t i o  cycles) w i l l ,  i n  general ,  have low i d l e  combustion e f f i -  
ciency and high i d l e  emission levels unless s p e c i a l  design f ea tu res  are used 
t o  increase the  i d l e  e f f i c i ency .  
Several design approaches may be taken t o  reduce i d l e  emissions. These 
include : 
e Improved Fuel Atomization 
e Locally Richer Mixtures i n  Primary Zone 
0 Decreased Primary Zone Airflow 
0 Elimination of Fuel Quenching 
e Increased Dome Residence T i m e  and Mixing 
Experimental test da ta  a l s o  show t h a t  i d l e  emission l e v e l s  can be reduced 
by bleeding a i r  from t h e  compressor discharge s t a t i o n .  This is  i l l u s t r a t e d  i n  
Figure 11. 
F. SMOKE EMISSION 
The low pressure r a t i o  carburet ing combustion systems proposed f o r  t h e  
RLF and ILF are not  expected t o  have smoke emission problems. The SAE 1179 
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Figure 9. Typical Relationships between Combustion Efficiency and Levels of 
CO and H/C Emissions. 
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Emission Level, lbs/1000 lbs of Fuel 
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Figure 12. Comparison of Peak Engine Smoke Emission Characteristics. 
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SECTION 111 
AIRCRAFT STUDIES SUPPORT INFORMATION 
A. INTRODUCTION 
Additional ILF and RLF engine system s t u d i e s  required t o  support  the  
Ames Contractor V/STOL s t u d i e s  w e r e  included under t h i s  task.  General 
information on engine system i n s t a l l a t i o n  parameters, performance, and noise  
c h a r a c t e r i s t i c s  w e r e  determined, i n  addi t ion  t o  providing da ta  i n  response 
t o  s p e c i f i c  cont rac tor  requests.  
B. RLF SYSTEM PERFORMANCE 
1. Turbojet System 
Estimated i n s t a l l e d  V/STOL performance w a s  determined f o r  t he  Remote 
The d a t a  (presented i n  Appendix A) 
L i f t  Fan System incorporat ing t h e  tu rbo je t  gas generator  and 1.25 pressure  
r a t i o  l i f t  u n i t s  (designed System A). 
were generated f o r  f l i g h t  v e l o c i t i e s  up t o  150 knots a t  a l t i t u d e s  from 0 
t o  2000 f e e t  and include a range of power s e t t i n g s  and fan e x i t  louver angles. 
The da ta  a r e  f o r  a system t o  provide 10,000 l b s  nominal l i f t  p e r  l i f t  u n i t ,  
un ins ta l led ,  a t  sea l e v e l  static.  System reference s i z e  is based on two l i f t  
u n i t s  p e r  gas generator assuming a 10 percent pressure drop i n  t h e  intercon- 
nect ing duct system. The gas generator flow rates shown i n  the  da t a  are one 
ha l f  those of t he  reference configurat ion because of computer p r in tou t  l imi t a t ions .  
Resul tant  t h r u s t  vec tor  angles shown are based on zero degree angle of a t tack .  
Performance is presented f o r  a shallow i n l e t  type i n s t a l l a t i o n  with representa t ive  
e x i t  louver performance. 
Estimated System A i n t e r n a l  c ru i se  performance is shown i n  Appendix B. 
Data are presented f o r  a range of f l i g h t  Mach numbers up t o  0.9 and a l t i t u d e s  
t o  40,000 f ee t .  
The configurat ion and weight f o r  these  system components are based on 
V/STOL mode l i f e  requirements. 
t o  s a t i s f y  c r u i s e  mode requirements are not determined. Maximum power l e v e l  
shown i n  the  Appendix B da t a  w a s  a r b i t r a r i l y  defined as 100 percent corrected 
fan speed. 
Poss ib le  design changes which might be required 
Based on feedback from the  cont rac tor  s tud ie s ,  add i t iona l  c r u i s e  d a t a  
were generated a t  s e l ec t ed  f l i g h t  conditions t o  provide increased t h r u s t  
levels. These da ta ,  generated f o r  105 percent corrected fan  speed, are shown 
i n  Appendix C. 
and l i f e  w e r e  not  assessed. 
Again, t he  e f f e c t  of c ru i se  mode operat ion on system weight 
2. Turbofan System 
Following submi t ta l  of i n i t i a l  system i n s t a l l a t i o n  and performance d a t a  
t o  the  a i r c r a f t  cont rac tors  p a r t i c i p a t i n g  i n  the  advanced t r anspor t  s tud ie s ,  
20 
it  w a s  found t h a t  none of t h e  i n s t a l l a t i o n  s tud ie s  showed any advantage t o  
using the  1.20 pressure r a t i o  l i f t  un i t .  Therefore, add i t iona l  performance 
da ta  were not generated f o r  t h e  t u r b o f a d l . 2  pressure r a t i o  l i f t  u n i t  system. 
Instead,  turbofan system performance w a s  based on the  1.25 pressure r a t i o  
l i f t  u n i t  sca led  t o  provide a t o t a l  system nominal l i f e  of 10,000 l b s  
(including the  turbofan gas generator r e s idua l  t h rus t ) .  
designated System C. 
This system w a s  
V/STOL mode performance f o r  System C is presented i n  Appendix D f o r  
t h e  same f l i g h t  conditions as System A. 
Appendix E with maximum power set by 100 percent corrected l i f t  u n i t  fan 
speed. 
Cruise mode performance is shown i n  
C. DOUBLE SIZE RLF LIFT UNIT 
Based on a i r c r a f t  study requirements, the  s c a l i n g  range of the  1.25 
pressure r a t i o  l i f t  u n i t  w a s  extended from 1.5 t o  2.0. The gas generator 
s ca l ing  range w a s  not extended correspondingly because the  a i r c r a f t  s tud ie s  
a l l  tended t o  use an equal number of gas generators and fans ,  f o t  which 
the  e x i s t i n g  sca l ing  range w a s  s u f f i c i e n t .  
The "2 x l i f t  uni t"  design is  bas i ca l ly  scaled up from the  reference 
s i z e  design. However, i t  w a s  not sca led  d i r e c t l y .  Mid-box height  w a s  set 
a t  a minimum value of 2.25 inches,  and t h e  acous t ic  s p l i t t e r  thickness w a s  
held constant a t  1 inch. After  a trade-off i nves t iga t ion ,  i t  w a s  a l s o  
determined t h a t  t he re  would be an advantage i f  a f i f t h  sound suppression 
s p l i t t e r  w e r e  incorporated.  A s  a r e s u l t  of these  f a c t o r s ,  t h e  flow s i z e  t o  
provide 2 x l i f t  w a s  1326.6 lb / sec ,  a f a c t o r  of 1.984 on reference s i z e  
a i r f low.  
The noise  l e v e l  of t he  "2 x l i f t  un i t "  is  t h e  same as reference s i z e ,  
99 PNdB (94.8 PNdB without in le t - rad ia ted  noise) .  This ,no ise  l e v e l  w a s  
obtained by the  addi t ion  of t he  f i f t h  s p l i t t e r .  For t he  f i v e - s p l i t t e r  con- 
f igu ra t ion ,  t he  second and four th  s p l i t t e r s  ( the  ones on e i t h e r  s i d e  of the  
middle s p l i t t e r )  do not extend through the  fan s t a t o r  blade row. The leading 
edge of these  s p l i t t e r s  is located immediately downstream of t h e  s t a t o r  vane 
t r a i l i n g  edge. This reduces the  fan aerodynamic lo s ses  r e l a t i v e  t o  s p l i t t e r s  
which extend i n t o  the  vane row. This configurat ion a l s o  r e su l t ed  i n  lower 
weight than the  fou r - sp l i t t e r  configurat ion t o  provide the same noise  leve l .  
I f  four  spl i t ters  were u t i l i z e d  with length sca led  d i r e c t l y  with diameter,  
t he  no i se  l e v e l  increased t o  101 PNdB. 
e igh t  inches t o  achieve 99 PNdB with four  s p l i t t e r s .  
longer s p l i t t e r s ,  longer rear frame, and required increased s a f e t y  sh ie ld ing ,  
r e su l t ed  i n  a l i f t  u n i t  weight 33 l b s  heavier  f o r  t h e  f o u r - s p l i t t e r  config- 
u ra t ion  than f o r  the  f i v e - s p l i t t e r  configuration. 
S p l i t t e r  length must be increased 
The combination of 
A comparison of t he  noise  l e v e l s  associated with a l t e r n a t i v e  design 
approaches is shown i n  Table 11. I n  the  tab le ,  t he  maximum perceived no i se  
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sca led  remote l i f t  fans (120,000 pounds t o t a l  t h r u s t )  are compared t o  t h e  
noise  l eve l s  from 12 reference s i z e  (10,000 l b s  t h r u s t  per  fan) remote l i f t  
fans.  I n  the  i n i t i a l  comparison, t h e  l i f t  u n i t  was  sca led  d i r e c t l y  from the  
reference s i z e  by a f ac to r  of 2, with the r e s u l t i n g  s p l i t t e r  treatment 
length increasing from 8 t o  11 inches. To keep t h e  f l o o r  noise  level (which 
is composed of fan  je t ,  t i p  tu rb ine  jet ,  and t i p  turb ine  turbomachinery noise)  
t h e  same as the  reference levels, i t  w a s  necessary t o  increase  the  number of 
t i p  turbine blades from 264 t o  352 by going from th ree  t o  four  blades per  
carrier. 
dominate t h e  f l o o r  no i se  were kept  low by forcing the  t i p  turb ine  pure tone 
t o  f a l l  beyond 10,000 Hz where i t  w i l l  not a f f e c t  t he  PNdB ca lcu la t ion .  With 
11 inches of fan  exhaust treatment on the  four  s p l i t t e r s  of t h e  sca led  fan, 
16.3 PNdB suppression w a s  obtained as opposed t o  17.8 PNdB suppression on the  
reference s ize .  
is 101.0 PNdB versus 99.0 PNdB f o r  t h e  reference configurat ion.  
I n  doing so, the t i p  turb ine  turbomachinery noise  levels which 
The re su l t i ng  t o t a l  system noise  level with fan  i n l e t  noise  
For the  second comparison, t he  four fan  exhaust s p l i t t e r s  w e r e  increased 
i n  treatment length t o  12.5 inches t o  give the s a m e  fan exhaust suppression of 
17.8 PNdB as the  reference s ize .  
with fan i n l e t  no ise  included is 100.4 PNdB. 
The resu l t i ng  t o t a l  system noise  l e v e l  
To reach t h e  t o t a l  system goal of 99.0 PNdB, the  four  fan exhaust s p l i t t e r s  
w e r e  increased t o  a treatment length of 19 inches,  which gives 25.3 ?NdB of 
exhaust suppression of 7.5 PNdB more suppression than t h e  reference s i ze .  
Al te rna t ive ly ,  a configurat ion having f i v e  fan exhaust s p l i t t e r s  w a s  examined 
which required 11 inches of treatment length t o  achieve a t o t a l  system noise  
l e v e l  of 99.2 PNdB. For t h i s  design, t he re  w a s  5.5 PNdB more exhaust suppres- 
s ion  than the  reference d e s i p .  
Weight and configurat ion sca l ing  da ta  f o r  the  1.25 pressure r a t i o  l i f t  
u n i t  were extended (over those shown i n  Reference 1 )  t o  include the "2 x 
l i f t  unit ."  
t he  l i f t  s c a l e  fac tor .  I n  Table I11 are shown the  configurat ion sca l ing  
dimensions, based on t h e  i n s t a l l a t i o n  drawing i n  Figure '14. 
ously, t he  f a c t o r  on l i f t  u n i t  a i r f low d i f f e r s  s l i g h t l y  from the  f ac to r  on 
l i f t ,  A t  a l i f t  s c a l e  f a c t o r  of 2.0, the f a c t o r  on a i r f low is 1.984 r e l a t i v e  
t o  the  reference l eve l .  
scale f a c t o r  of 2.0, t h e  gas generator  scale s i z e  would be 0.992 r e l a t i v e  t o  
t h e  reference s i z e  given i n  Reference 1. 
I n  Figure 13 is shown the  extended weight scale f ac to r  versus 
A s  noted previ- 
For a 1-fan-on-1-gas-generator system at  a l i f t  
Because t h e  acous t ic  treatment w a s  modified t o  provide l i f t  u n i t  no ise  
l eve l s  comparable t o  those of t he  reference configurat ion a d iscont inui ty  
would ac tua l ly  e x i s t  i n  t he  weight s ca l ing  curve between f a c t o r s  1.5 and 2. 
However, t h e  s p e c i f i c  t r a n s i t i o n  poin t  has not  been i d e n t i f i e d ,  and could 
probably be moderately s h i f t e d ,  as required,  t o  allow assumption of smooth 
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D. RLF INLET ACOUSTIC SUPPRESSION 
1. Introduct ion 
An evaluat ion was  made of t he  e f f e c t s  of i n l e t  no ise  suppression on 
the  gas generator  and fan of a c ru i se  arrangement of Remote L i f t  Fan System 
A. 
l i f t  fan. 
losses  and fan performance, were determined. 
This system uses a tu rbo je t  gas generator t o  d r ive  a 1.25 pressure  r a t i o  
The e f f e c t s  of treatment on i n l e t  flow condi t ions,  i.e., pressure 
A t  t he  o u t s e t  of the  s tudy,  t he  pa r t i c ipa t ing  a i r c r a f t  companies were 
contacted t o  e s t ab l i sh  a representa t ive  engine and fan  s i z e  based on t h e i r  
system s tud ie s .  As a r e s u l t ,  a s c a l e  f a c t o r  of 1.75 w a s  s e l ec t ed  as 
representa t ive  of the  requirement f o r  an eight-engine, eight-fan, advanced 
V/STOL t ranspor t .  The nominal l i f t  of t h i s  s i z e  f an  is t h r u s t  17,500 lb s  on a 
90" F day. The fan  t i p  diameter is 82.19 inches,  and the  design corrected 
a i r f low is 1171.6 pounds per  second. 
The gas generator  i n  t h e  Remote L i f t  Fan Study w a s  s i zed  t o  d r ive  two 
l i f t  fans. I n  t h i s  study, however, a s i n g l e  fan w i l l  be considered t o  be 
dr iven by a s i n g l e  gas generator  s o  tha t  the  s c a l e  f a c t o r  on the  gas generator  
is 0.875 on airflow. The tu rbo je t  compressor design corrected a i r f low is 
116.4 lb s / sec ,  and t h e  compressor t i p  diameter is 35.73 inches. 
A t  t h e  t i m e  t h i s  study w a s  performed, t he  scale f ac to r s  generated i n  the 
Remote L i f t  Fan Study did not  extend t o  a value of 1.75, s o  t h a t  ex t rapola t ions  
were required t o  obta in  estimated c r i t i c a l  dimensions. The maximum diameter 
across the  fan s c r o l l  w a s  estimated t o  be 114.3 inches,  Allowing two inches 
i n  radius  f o r  nace l l e  s t r u c t u r e ,  t he  maximum c ru i se  nace l l e  diameter i s  118.3 
inches. 
2. Performance Effec ts  
Because of t h e  s e n s i t i v i t y  of a low pressure fan t o  i n l e t  recovery, much 
a t t e n t i o n  must be given t o  the  c ru i se  nace l l e  l i p  bluntness and t o  t h e  i n l e t  
th roa t  s i z e .  A source of i n l e t  l o s s  a t  s t a t i c  operat ion is  separa t ion  i n s i d e  
t h e  i n l e t  l i p ,  and the  magnitude of t h i s  l o s s  is dependent on the sharpness of 
the  l i p  and the  Mach number a t  the  l i p .  Cruise considerat ions l i m i t  bluntness 
because of drag, however, so  t h a t  both take-off and c ru i se  f l i g h t  conditions 
are important. I n  t h i s  case,  however, the  s t a t i c  performance takes on added 
s igni f icance  i n  comparison with CTOL appl icat ions because the  propulsion 
system is s i zed  by the  performance a t  s ta t ic  conditions.  
The r o t o r  of t he  l i f t  fan  is designed t o  accept a ve loc i ty  p r o f i l e  
corresponding t o  a shallow bellmouth-type wing i n l e t .  When i n s t a l l i n g  the 
l i f t  fan as a c r u i s e  fan ,  i t  has been determined from axisymmetric flow 
f i e l d  s tud ie s  t h a t  t he  minimum flowpath diameter j u s t  preceding the fan  should 
not  be less than two percent  l a r g e r  than t h e  fan t i p  diameter. A flowpath 
27 
diameter of 84 inches w a s  thus se l ec t ed  j u s t  ahead of the l i f t  fan. I f  t h i s  
diameter is used as the  c r u i s e  i n l e t  i n t e r n a l  diameter, then the  in le t  t h r o a t  
Mach number a t  m a x i m u m  l i f t  is 0.39 a t  static conditions.  Tit is not  des i r ab le  
t o  s i z e  the  i n l e t  t h roa t  smaller t o  increase  t h i s  Mach number since t h e  take-off 
total-pressure recovery would be decreased and the cowl ex te rna l  f r o n t a l  area 
would be increased. 
I n  determining the l i p  bluntness ,  a cont rac t ion  r a t i o  of 1.20 w a s  
s e l ec t ed  as s u f f i c i e n t  f o r  total-pressure recovery considerat ions.  
contract ion r a t i o  r e s u l t s  i n  an i n l e t  h igh l igh t  diameter of 92 inches. 
r a t i o  of h igh l igh t  diameter t o  maximum n a c e l l e  diameter is 0.78, 
length of 50 inches was  s e l ec t ed  based on t h i s  diameter r a t i o  f o r  good c r u i s e  
drag c h a r a c t e r i s t i c s .  
i n  Figure 15. 
body f o r  t h e  c r u i s e  fan  i n s t a l l a t i o n .  
This 
An i n l e t  
A sketch of t he  r e s u l t i n g  c r u i s e  fan i n l e t  is shown 
The 
An e l l i p t i c a l  bu l le tnose  replaces  t h e  f l a t  wingfan center- 
A t y p i c a l  t u rbo je t  subsonic i n l e t  w a s  a l s o  designed f o r  t he  gas generator  
but  with somewhat lower-than-conventional t h roa t  Mach numbers because of t he  
importance of the  take-off condition. A sketch of t h i s  i n l e t  is shown i n  
Figure 16. 
Acoustic analyses es tab l i shed  the  ove ra l l  eight-fan ( s i x  l i f t  + two c ru i se ) ,  
eight-engine t ranspor t  a i r c r a f t  noise  level a t  107 dB a t  nominal l i f t  r a t i n g  
on a 90" F day without fan  o r  gas generator i n l e t  treatment. Configurations 
of i n l e t  treatment w e r e  i d e n t i f i e d  f o r  two levels of suppression f o r  t he  c r u i s e  
fan and two levels of suppression f o r  t he  gas generators  dr iv ing  the  c r u i s e  
fans.  For the  fan,  suppression l eve l s  of 4 dB and 8 dB were considered. For 
the  gas generator ,  suppression levels of 5 dB and 10 dB w e r e  considered. The 
treatment configurat ions cons i s t  of acous t ic  s p l i t t e r s  varying i n  number and 
length located ahead of the  fan  o r  compressor. Acoustic treatment is a l s o  
appl ied t o  the  duct w a l l  i n  the  region where the  s p l i t t e r s  are located. A l l  
s p l i t t e r s  are one inch t h i c k  regard less  of length.  To reduce p r e s s u r e  l o s ses ,  
s i x  inches of nontreated length were added t o  each s p l i t t e r  t o  account f o r  
aerodynamic leading and t r a i l i n g  edges. 
Flow area d i s t r i b u t i o n  was  ca lcu la ted  f o r  each s p l i t t e r  configurat ion 
and an average Mach number determined f o r  both nominal and maximum power 
s e t t i n g s .  
numbers r e su l t i ng  from the  l o c a l  average Mach numbers. 
the average sk in  f r i c t i o n  w a s  increased by 37 percent t o  account f o r  per fora ted  
skin.  
f o r  each s p l i t t e r .  
by four ,  12-percent-thick s t r u t s  from the  ou te r  w a l l .  Corner i n t e r f e rence  
drag w a s  included f o r  t h e  in t e r sec t ions  of t h e  s p l i t t e r  r ings  and the  support  
s t r u t s .  
Average compressible s k i n  f r i c t i o n  w a s  determined f o r  t he  Reynolds 
From pas t  experience, 
A p r o f i l e  drag c o e f f i c i e n t  of 0.04 based on projected area w a s  appl ied 

















































REMOTE LIFT FAN SYSTEM A 
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Figure 16. G a s  Generator I n l e t ,  Unsuppressed. 
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The s k i n  f r i c t i o n  drag, p r o f i l e  drag, and in t e r f e rence  w e r e  combined 
and converted t o  an equivalent  pressure l o s s  using the  cont inui ty ,  energy, 
and momentum equations. 
u t i l i z i n g  t h e  off-design computer performance decks. 
Resulting e f f e c t s  on fan  performance were determined 
Shown i n  Figure 1 7  are t h e  c ru i se  f an  i n l e t  suppression configurat ions 
f o r  4 dB suppression. 
configurat ion with a treatment length of 15 inches. 
flowpath is shown an a l t e r n a t i v e  t h r e e - s p l i t t e r  configurat ion with a treatment 
length of seven inches. Figure 18 shows the  flow area d i s t r i b u t i o n s  f o r  t he  
two 4 dB suppression configurat ions along with the clean area d i s t r ibu t ion .  
The upper ha l f  of t he  flowpath shows t h e  two-sp l i t t e r  
I n  t h e  lower ha l f  of t h e  
Shown i n  Figure 19 are the  three- and f o u r - s p l i t t e r  arrangements f o r  
t h e  8 dB c r u i s e  fan  suppression leve l .  
inches f o r  the  t h r e e - s p l i t t e r  configurat ion and 7.5 inches f o r  t he  four- 
sp l i t t e r  configuration. 
f o r  the 8 dB suppression configurat ions.  
The treatment lengths  are 11.5 
Shown i n  Figure 20 are t h e  flow area d i s t r i b u t i o n s  
For the  gas generator ,  suppression l e v e l s  of 5 dB and 10 dB were consid- 
ered. Shown i n  Figure 2 1  is the  treatment configurat ion f o r  5 dB suppression 
l eve l .  A s i n g l e  s p l i t t e r  with a treatment length of 7.5 inches is required.  
In Figure 22 are shown two treatment configurat ions f o r  the  10 dB suppression 
l eve l .  
a treatment length of 14 inches,  while  i n  the  lower ha l f  of t he  flowpath is  
shown a two-sp l i t t e r  configurat ion with a treatment length of 5 inches. 
23 shows t h e  flow area d i s t r i b u t i o n  i n  the  gas generator  i n l e t  both c lean  and 
with the  var ious suppression configurat ions.  
In t he  top of t he  f igu re  is shown a s i n g l e - s p l i t t e r  configurat ion with 
Figure 
System total-pressure recovery performance d e r i v a t i v e s  were ca lcu la ted  f o r  
The suppression drag losses  converted i n t o  pressure  
a c ru i se  configurat ion of Remote L i f t  Fan System A f o r  a 90' F day and f o r  
a number of power s e t t i n g s .  
recovery could then be  evaluated i n  terms of system performance. Shown i n  
Figure 24 is  the s e n s i t i v i t y  of system performance t o  fan  i n l e t  recovery f o r  
a gas generator  recovery of uni ty  f o r  s eve ra l  power s e t t i n g s .  
power s e t t i n g  is 1.97 f o r  100 percent ram recovery f o r  both t h e  fan and the  
gas generator to ta l -pressure  recovery. 
f o r  each percent can be ca lcu la ted  from Figures 24 and 25. 
va t ives  are shown i n  Figure 26 as a funct ion of power s e t t i n g .  
t h r u s t  (power s e t t i n g  1) the  loss i n  t h r u s t  f o r  each percent loss i n  recovery 
is 1.23 f o r  t he  gas generator  and 2.6 f o r  the  fan.  
s e t t i n g  of 1.97, t he  l o s s  i n  t h r u s t  f o r  each percent  l o s s  i n  recovery is 1.48 
f o r  t he  gas generator and 3.55 f o r  t h e  fan,  
The nominal l i f t  
The der iva t ives  of percent  l o s s  i n  l i f t  
The r e s u l t i n g  der i -  
A t  maximum 
A t  t h e  nominal r a t i n g  power 
The f i n a l  r e s u l t s  of t h e  study are shown i n  Table IV.  Gas generator 
i n l e t  no ise  suppression is less cos t ly  i n  terms of system performance than 
c ru i se  f an  i n l e t  no ise  suppression. 
s e t t i n g  can, of course,  be made up with t h r o t t l e  push; however, a decrease i n  
l i f t  a t  t h e  maximum power s e t t i n g  is unavoidable. 
con t ro l  margin as t h e  nominal power s e t t i n g  i s  s h i f t e d  toward t h e  maximum set- 
t i n g  which also has been reduced. 
could be reduced t o  maintain con t ro l  margin. 
Performance losses  a t  the  nominal power 
The r e s u l t  is loss i n  
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REMOTE LIFT FAN SYSTEM A 
1 S p l i t t e r  
- I  
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REMOTE LIFT FAN SYSTEM A 
1 S p l i t t e r  
2 S p l i t t e r s  
f 
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F igure  22. Gas Generator  I n l e t ,  10 PNdB Suppression. 














































































Gas Generator I n l e t  Recovery = 1.0 
L i f t  Ref a t  Fan I n l e t  Recovery = 1.( 
0.970 0.975 0.980 0.985 0.990 0.995 1 .oo 
Fan I n l e t  Total  Pressure Recovery 
Figure 24. Fan I n l e t  Recovery S e n s i t i v i t y .  
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0.86 
0.970 0.975 0.980 0.985 0.990 0.995 1 .oo 
Gas Generator I n l e t  Total  Pressure Recovery 
Figure 25. Gas Generator I n l e t  Recovery S e n s i t i v i t y .  
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n a l  Power S e t t i n g  
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Power S e t t i n g  
2 . 5  
Figure 26. System Pressure Recovery Derivat ives .  
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3. Acoustic Suppression 
As t h e  level of exhaust suppression inc reases ,  t h e  o t h e r  system n o i s e  
A major con t r ibu to r  t o  t h e  system no i se  f l o o r  sources become s i g n i f i c a n t .  
is t h e  gas generator i n l e t - r ad ia t ed  noise. This n o i s e  source has a high 
p o t e n t i a l  f o r  suppression, s i n c e  the  axial  i n l e t s  are r e l a t i v e l y  long; and, 
i n  the  case of some i n s t a l l a t i o n s ,  t h e  i n l e t s  are i n  t h e  fuselage of t h e  
a i r c r a f t  where bends and i n l e t  doors may be used as suppression surfaces .  
Although suppression design would be a i r c r a f t  and i n s t a l l a t i o n  depen- 
dent ,  i t  w a s  poss ib l e  t o  evaluate t h e  e f f e c t  of various levels of suppression 
and t o  relate these  levels t o  approximate lengths and acous t i c  s p l i t t e r  numbers 
which could be applied t o  a r ep resen ta t ive  i n l e t .  
For the  m F  acous t i c  ana lys i s ,  i t  w a s  assumed t h a t  the  l i f t  fans would b e  
s i z e d  t o  provide 17,500 lb s  of l i f t .  It w a s  assumed t h a t  one gas generator 
per  f an  ( e igh t  t o t a l )  would be required.  
gas generator i n l e t  suppression w a s  required. This is shown i n  Figure 27 which 
gives t h e  suppression combinations which w i l l  r e s u l t  i n  100 PNdB o r  less f o r  
t h e  system. As an example of t h e  type of suppression treatment required t o  
ob ta in  t h e  levels indicated on Figure 27,  t h e  c ru i se  f an  i n l e t s  and gas gener- 
a t o r  i n l e t s  w e r e  assumed t o  have acous t i ca l ly  t r e a t e d  i n l e t  s p l i t t e r s .  The 
required s p l i t t e r  lengths are included i n  Table I V  f o r  two levels of suppression 
on each i n l e t .  






















Section I11 E., "Commerical Aircraft Noise Contours", pages 45 through 69 
is contained in Volume V, NASA number CR 121278. 
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F. CONTROL PERFORMANCE AND TRANSIENT RESPONSE STUDIES 
1. Design Criteria 
Design s t u d i e s  and ana lys i s  of advanced V/STOL a i r c r a f t  have shown t h a t  
i t  is  d e s i r a b l e  t o  combine t h e  a i r c r a f t  a t t i t u d e  con t ro l  sys'tem wi th  the  main 
thrust-producing propulsion components. The combination of these two funct ions,  
t h r u s t  modulation f o r  con t ro l  and t h r u s t  f o r  VTOL l i f t ,  n e c e s s i t a t e s  t he  def ini-  
t i o n  of a set of app l i cab le  design requirements f o r  t he  V/STOL propulsion com- 
ponents. These requirements e s t a b l i s h  t h e  following general  types of critteria 
f o r  design of t h e  propulsion components: 
e The range of t r a n s i e n t  t h r u s t  modulation must m e e t  t he  a i r c r a f t  
a l t i t u d e  con t ro l  requirements i n  p i t c h ,  r o l l ,  yaw, and ver t ical  
accelerat ion.  
0 The t i m e  required f o r  t h e  propulsion system t o  respond t o  a 
commanded t h r u s t  change is e s t ab l i shed  by the  a i r c r a f t  maneuver 
requirements. 
e The magnitude, durat ion,  and c y c l i c  v a r i a t i o n  of t h e  con t ro l  
inputs  o r  propulsion system t h r u s t  changes are e s t ab l i shed  by 
t h e  a i r c r a f t  con t ro l  u t i l i z a t i o n  requirements. 
Def in i t i on  of t h e  s p e c i f i c  design requirements, as they are r e f l e c t e d  i n  
the  propulsion system, can only be obtained through d e t a i l e d  in t eg ra t ed  a i r c r a f t /  
propulsion system s t u d i e s  and tests. The required level of ana lys i s  f o r  accurate  
d e f i n i t i o n  of t h e  requirements- cannot be warranted during preliminary design 
s t u d i e s ,  
cr i ter ia  w e r e  e s t ab l i shed  as follows. The primary source of these cr i ter ia  
is  a pub l i ca t ion  of V/STOL handling requirements (Reference 2) .  
Therefore, during these V/STOL propulsion' s t u d i e s  , appr&imate design 
2. L i f t  Ratings 
The requirements f o r  con t ro l  and maneuver during both normal and c r i t i ca l  
component f a i l u r e  modes of operat ion e s t a b l i s h  four  levels of propulsion system 
t h r u s t  o r  l i f t  r a t i n g s  : 
0 LNR (Nominal Rated L i f t ) :  The time-averaged l i f t  f o r  nominal 
operat ion during the  V/STOL mission. 
LNM (Nominal M a x i m u m  Control L i f t ) :  The maximum l i f t  during 
normal operat ion as e s t ab l i shed  by a i r c r a f t  a t t i t u d e  c o n t r o l  
and maneuver requirements. 
LER (Emergency Rated L i f t ) :  
propulsion u n i t  when t h e  c r i t i c a l  propulsion u n i t  is  s h u t  down. 
The time-averaged l i f t  f o r  the 
0 LEM (Emergency M a x i m u m  L i f t ) :  The t i m e  l i f t  required f o r  
a t t i t u d e  con t ro l  with t h e  l o s s  of t h r u s t  from one propulsion 
u n i t .  
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Typical values of t hese  l i f t  r a t i n g s  were e s t ab l i shed  f o r  t h e  preliminary 
design of V/STOL propulsions and are given i n  Table X I 1  f o r  t h e  reference s i z e  
engine sys  tern. 
Table X I I .  L i f t  Ratings f o r  10 000-Pound Design L i f t  
Propulsion System. 
L i f t  r a t i n g s  f o r  10,000 pound design l i f t  propulsion system 
Nominal Rated L i f t  (LNR) 
. .  
Pounds 
10,000 
Nominal Maximum Control L i f t  (LNM) 12,500 
Emergency Rated L i f t  (LER) 11,600 
Emergency Maximum Control L i f t  (LEM) 13 ? 000 
3. Duration and Magnitude of Control Excursions 
This design requirement is concerned with the  magnitude of a given c o n t r o l  
i npu t  and t h e  t i m e  o r  durat ion t h e  con t ro l  is applied. This cri teria is  
s ta t i s t ica l  i n  n a t u r e  and is es t ab l i shed  by t h e  c h a r a c t e r i s t i c s  given i n  
Figures 43 and 44. Figure 43 shows the  p robab i l i t y  c h a r a c t e r i s t i c s  de f in ing  
t h e  levels of control ,  while Figure 44 defines  the  estimated maximum t i m e  a 
p a r t i c u l a r  level of con t ro l  w i l l  be applied. 
4. Transient R e s  pons e 
T i m e  response of t he  propulsion systems is  d i r e c t l y  r e l a t e d  t o  t he  a b i l i t y  
of t h e  a i r c r a f t  t o  perform the  required maneuvers. Tentat ive requirements are 
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Figure 4 3 .  Control Duty Cycle. 
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Figure 44. Exposure T imes  for Control Inputs .  
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e Following an abrupt s t e p  displacement of cont ro l ,  an angular 
acce le ra t ion  response should be i n  t h e  command d i r e c t i o n  wi th in  
0.1 second. 
T i m e  t o  reach 63  percent of peak angular acce lera t ion  s h a l l  
be less than 0.2  second. 
e 
e With a t t i t u d e  s t a b i l i z a t i o n  t i m e  t o  reach 90 percent of 
a t t i t u d e ,  change should be g rea t e r  than 1 and less than 2 
seconds . 
During hovering and low speed operat ion of t h e  a i r c r a f t ,  the  primary 
source of con t ro l  is  the  modulation of propulsion system th rus t .  I n  addi t ion,  
i t  is reasonable t o  assume t h a t  t he  a i r c r a f t - r e l a t e d  con t ro l  system components 
w i l l  have response t i m e s  f a s t  enough s o  t h a t  t h e i r  in f luence  on the  t o t a l  
response t i m e  w i l l  be negl ig ib le .  For t h i s  condition, the  required minimum 
t i m e  response of t h e  propulsion system may be def ined by t h e  l i m i t s  shown 
i n  Figure 45. The c r i t i c a l  design poin t  es tab l i shed  by these  l i m i t s  is an 
e f f ec t ive  t i m e  constant  of less than 0 . 2  second. The e f f e c t i v e  t i m e  constant  
is defined as t h e  t i m e  required t o  achieve 63 percent of t h e  command input .  
6 .  REMOTE LIFT FAN TRANSIENT ENGINE RESPONSE 
During low speed t r a n s i t i o n  and hover f l i g h t ,  con t ro l  of V/STOL a i r c r a f t  
is obtained by t h r u s t  modulation. 
an addi t iona l  con t ro l  device such as con t ro l  fans o r  t i p - j e t  nozzles,  Other 
methods of cont ro l  include t h r u s t  modulation of the  main V/STOL propulsion 
systems. 
response t i m e  o r  cont ro l  system l a g  is of c r i t i c a l  importance i n  order  t o  
provide an acceptable highly maneuverable a i r c r a f t .  
response is therefore  a s i g n i f i c a n t  requirement i n  the evaluat ion of t y p i c a l  
V/STOL propulsion systems. 
The t h r u s t  f o r  con t ro l  may be obtained from 
I n  a l l  types of con t ro l  systems employed f o r  V/STOL a i r c r a f t ,  
A determination of engine 
As p a r t  of t h i s  study, a preliminary evaluat ion of t h e  engine response 
c h a r a c t e r i s t i c s  of t he  two propulsion sys  t e m s  w a s  performed. The ana lys i s  
was  d i rec ted  toward an assessment of t he  system's capab i l i t y  of achieving 
a 10 percent t h r u s t  change i n  less than 0.3 second. 
of the propulsion system components were used i n  the ana lys i s .  Because of the  
l imi ted  scope of the s tudy,  no e f f o r t  w a s  made t o  design o r  determine an 
optimum propulsion o r  cont ro l  system r e l a t i v e  t o  the  response criteria. 
fo re ,  the r e s u l t s  represent  an i n i t i a l  evaluat ion of system response. It 
appears q u i t e  f e a s i b l e  t h a t  opt imizat ion of t h e  system could y i e l d  s i g n i f i c a n t  
response improvements over those discussed and presented here.  
Dynamic representat ions 
There- 
1. Turbojet Sys t e m  
Of t h e  two systems s tudied  i n  t h i s  ana lys i s ,  t h e  tu rbo je t  system is  t h e  
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Figure 45. Response C r i t e r i a  f o r  V/STOL Propulsion Systems. 
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d i g i t a l  computer s imulat ion based on a nonl inear  representa t ion  of t he  var ious 
system components. 
presented i n  Figure 46. 
s en ta t ion  of t h e  major system components ; compressor, combustor, high pressure 
turbine,  fan turb ine ,  and l i f t  u n i t  fan. 
ducting system volume dynamics w a s  included along with cor rec t ions  f o r  pres- 
su re  lo s ses  and cooling and p a r a s i t i c  airflows. 
volume w a s  equivalent  t o  two ducts ,  20 f t  (6.1 m) long and 18 in .  (0.46 m) i n  
diameter. 
t u rbo je t  hydromechanical components with the  appropriate  engine sensors.  
delay of 0.030 second is  assumed t o  exist between t h e  metering of the  f u e l  i n  
the  cont ro l  and its consumption i n  the combustor, represent ing a t ranspor t  
delay and combus t i o n  dynamics. 
A func t iona l  block diagram of the  simulated system is 
The s imulat ion consis ted of a mathematical repre- 
I n  addi t ion,  a s imulat ion of t h e  
The representa t ive  duct ing 
The main engine f u e l  con t ro l  w a s  represented t o  r e f l e c t  conventional 
A 
I n  the  dynamic model, the gas flow of a s i n g l e  gas generator  suppl ies  
two equal s i z e  l i f t  un i t s .  I n  t h e  representat ion,  only a s i n g l e  l i f t  u n i t  
w a s  modeled, t h e  gas flow f o r  t he  o ther  system was  ex t rac ted  from the ducting 
through a simulated nozzle. 
represents  a method of providing an an t i c ipa t ion  s i g n a l  i n  the  form of a speed 
bias .  
The path shown as dashed l i n e s  i n  Figure 46 
For t h i s  study, a gain value of 0.02 w a s  used. 
Transient  runs w e r e  performed using the  main engine t h r o t t l e s  as the  
cont ro l  input.  
ac tua l  a i r c r a f t  system type of cont ro l ,  but w a s  used t o  determine the  capa- 
b i l i t y  of t he  l i f t  systems t o  achieve the  objec t ive  of a 10 percent t h r u s t  
change i n  0 . 3  second. 
This method of l i f t  cont ro l  w a s  not intended t o  represent  an 
Several  cases of response w e r e  inves t iga ted  using t h r o t t l e s  with over- 
demand. For t h i s  case, t h e  t h r o t t l e  i s  pushed w e l l  beyond the  s e t t i n g  f o r  a 
10 percent t h r u s t  increase.  
of 60, 70, 80, and 90 percent ,  and the t i m e s  required f o r  t he  10 percent  t h r u s t  
change are l i s t e d  i n  Table X I I I .  
a more representa t ive  condi t ion of a s t e p  t h r o t t l e  input  from a 10 percent 
t h r u s t  change a t  an i n i t i a l  fan speed of 80 percent . '  One case w a s  run without fan 
speed cont ro l  o r  b i a s ,  and the  second case included t h e  fan speed an t i c ipa t ion  
input  t o  the  f u e l  control .  The response obtained f o r  these two conditions is  
a l s o  l i s t e d  i n  Table X I I I .  
Overdemand cases w e r e  run f o r  i n i t i a l  fan speeds 
Two cases w e r e  run t o  determine response f o r  
Based on an evaluat ion of these r e s u l t s ,  i t  can be determined t h a t  a 
remote tu rbo je t  l i f t  system can achieve t r ans i en t  t h r u s t  changes of 10 percent 
within a t i m e  less than 0.30 second, I n  order t o  achieve these  l eve l s  of 
response, some method of t h r o t t l e  overdemand o r  an t i c ipa t ion  such as fan  speed 
b i a s  w i l l  be required.  This ana lys is  represents  an i n i t i a l  e f f o r t  a t  the  
evaluat ion of l i f t  system dynamics, and should not be in t e rp re t ed  as an optimum 
system i n  terms of response t i m e s .  
Further  s t u d i e s  and analyses a re  des i r ab le  t o  optimize the system and 
should include considerat ion of component l i f e  and operat ing margins and t h e  
dynamics and requirements of a typ ica l  a i r c r a f t  con t ro l  system. 
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Table X I I I .  Turbojet  System Transient Response. 
I n i t i a l  Fan 
Speed, % Maneuver 
Time Required for 10% 







Thro t t l e  Overdemand 
Thro t t l e  Overdemand 
Thro t t l e  Overdemand 
Thro t t l e  Overdemand 
Thro t t l e  Step 
T h r o t t l e  Step w i t h  








2. Turbofan System 
The turbofan l i f t  system w a s  analyzed i n  a manner similar t o  t h e  tu rbo je t  
system. I n  t h i s  case, the  dynamic representa t ion  is i nc reased ' i n  complexity 
because of t h e  two-spool turbofan gas generator p lus  t h e  fan  duct combustor 
system. Basical ly ,  t h i s  dynamic representa t ion  is equivalent  t o  t h e  three- 
spool engine system with two combustion systems. 
used i n  the  dynamic representa t ion  f o r  t h i s  system is shown i n  Figure 47. 
The block diagram of the  model 
The engine con t ro l  system i n  t h i s  case incorporates  a speed con t ro l  based 
on the  gas generator  core  speed. 
f u e l  flow is a l s o  incorporated i n t o  t h e  t h r o t t l e  posi t ion.  Thus, a t h r o t t l e  
demand w i l l  request  a proport ionate  change i n  gas generator  core  speed and a 
scheduled change i n  duct combustor f u e l  flow. The dynamic representa t ion  of 
t h e  system components is s i m i l a r  t o  t h a t  used f o r  the  tu rbo je t  system repre- 
s e n t a t  ion. 
A proport ional  schedule of duct combustor 
A series of system t r ans i en t s  was  inves t iga ted  using the t h r o t t l e  t o  
accomplish l i f t  control .  Again, as f o r  t he  tu rbo je t  system, t h i s  method of 
cont ro l  does not necessar i ly  represent  an a c t u a l  a i r c r a f t  con t ro l  mode, bu t  is 
adequate f o r  t h e  intended response study. 
inves t iga ted  f o r  i n i t i a l  fan  speeds of approximately 60, 70, 80, and 90 percent.  
For each inves t iga t ion ,  t h r o t t l e  overdemand w a s  used wi th  a l imi t ing  t h r o t t l e  
angle  es tab l i shed  by the  100 percent design speed of the  gas generator  core  
ro tor .  
The system t r a n s i e n t  behavior w a s  
The response t i m e s  observed during these t r ans i en t s  ( t h a t  is, t h e  t i m e  
required t o  achieve a 10 percent  t h r u s t  change) are presented i n  Table XIV. 
The r e s u l t s  show some de te r io ra t ion  of response at  the  higher  t h r u s t  s e t t i n g s .  
This e f f e c t  is caused by a reduct ion i n  core  engine acce lera t ion  due t o  t h e  
l imi t ing  t h r o t t l e  input  equivalent  t o  the  design speed. 
During t h i s  ana lys i s ,  no form of an t i c ipa t ion  o r  fan  speed b i a s  w a s  in- 
cluded i n  the  con t ro l  system. Incorporation of such f ea tu res  i n  the  system 
could improve t h e  response t i m e s ,  e spec ia l ly  a t  t h e  high i n i t i a l  t h r u s t  
s e t t i n g s ,  t o  a l e v e l  adequate t o  meet the des i red  0.30 second criteria. Note 
t h a t  t he  t r a n s i e n t  s tud ie s  f o r  both of these systems employed t h r o t t l e  motion 
t o  command a t h r u s t  change. There are many o ther  concepts of t h r u s t  modula- 
t i o n  which could be employed i n  remote l i f t  u n i t s ;  f o r  example - e x i t  louver 
t h r u s t  spo i l ing ,  €an duct pressure l o s s  v a r i a t i o n  using valves ,  and v a r i a t i o n  
of duct combustor temperature. Each of these cont ro l  methods represents  po- 
t e n t i a l  improvements i n  system response which could be employed e i t h e r  as . 
the  prime con t ro l  method o r  i n  assoc ia t ion  with t h e  t h r o t t l e  methods explored 
i n  these  inves t iga t ions .  
H. ADVANCED RLF SYSTEMS USING TURBOFAIl GAS GENERATORS 
One of the  advanced remote l i f t  fan systems developed during the  propulsion 
s tud ie s  employs a turbofan gas generator as the  source f o r  high energy gases. 
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Table XIV. Summary of Response T i m e s  for the Turbofan L i f t  
System. 
I n i t i a l  Fan 
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Time Required for 10% 






This system obtains  the  gas from t h e  gas generator  fan  system, passes i t  
through a burner,  and dr ives  the  fan  t i p  turbine.  A con t ro l  system f o r  t h i s  
arrangement could employ both burner temperature rise and duct  pressure l o s s  
t o  cont ro l  t he  t h r u s t  of t h e  remote l i f t  fan un i t s .  This method adds two 
var iab les ,  pressure and temperature, f o r  l i f t  con t ro l  where the  more conven- 
t i o n a l  t u rbo je t  gas generator  system is l imi ted  by t h e  r e l a t ionsh ip  of 
pressure and temperature as provided at  the gas generator discharge.  
The proposed con t ro l  system is shown i n  Figure 4 8 .  This con t ro l  system 
is represented by two l i f t  u n i t s  operat ing w i t h  a s i n g l e ,  remotely located,  
turbofan gas generator.  Other schemes are poss ib le  using two gas generators  
and four  l i f t  u n i t s  o r  two ha l f - s ize  gas generators  and two fu l l - s i ze  l i f t  
un i t s .  These la t te r  cases may be des i red  t o  cover engine-out and fan-out 
operation; bu t ,  t he  response rates o r  t r a n s i e n t s  as evaluated f o r  t h e  two-on- 
one systein apply equally as w e l l  f o r  o the r  methods of interconnect ing the  
f u l l - s i z e  l i f t  u n i t s .  
The method of modulating power f o r  t h i s  type of con t ro l  system uses a 
p a r t i c u l a r  combination of burner temperature rise and con t ro l  valve pressure 
l o s s  such t h a t  t h e  flow funct ion o r  e f f e c t i v e  area, as re f l ec t ed  i n  the  
turbofan system, remains constant.  I n  t h i s  manner, i t  is poss ib le  t o  modulate 
l i f t  u n i t  t h r u s t  with no change of gas generator  operat ing conditions.  
type of cont ro l  system then lends i t s e l f  t o  a fan-alone type of t r a n s i e n t  
ana lys i s ,  s i n c e  the  t r a n s i e n t  response of the  gas generator  is now removed 
from t h e  problem. The cont ro l  schedule f o r  t h i s  system w a s  es tab l i shed  by 
f i r s t  determining t h e  turbofan operat ing point  as required t o  achieve the 
l i f t  levels cons is ten t  with m a x i m u m  control .  The t h r u s t  of a s i n g l e  l i f t  
u n i t  w a s  then modulated by an appropriate  schedule of temperature and pressure 
maintaining constant  flow funct ion i n  t h e  turbofan discharge stream. 
cont ro l  schedule of temperature and pressure f o r  t h e  maximum turbofan gas 
generator power s e t t i n g s  is given i n  Figures 49 and 50. Three l e v e l s  of l i f t  
are i d e n t i f i e d ;  t he  n e u t r a l  l i f t  of 10,000 pounds with no cont ro l  input ,  
the  maximum l i f t  of 12,500 pounds f o r  full-up cont ro l ,  and the  7,500 pounds 
o r  full-down control .  For constant t o t a l  l i f t  wi th  control ,  t he  opposite 
hand l i f t  u n i t s  must be modulated i n  opposi te  cont ro l  d i rec t ions .  
schedule as shown achieves the  full-down l i f t  by reduct ions of pressure and 
temperature t o  the  l i f t  un i t .  
full-down l i f t  by means of t h r u s t  spoi l ing .  This method of p a r t i a l  cont ro l  
may be des i r ab le  because of t he  f a s t  response associated with t h r u s t  spoi l ing .  
The maximum con t ro l  l eve l s  can only be achieved by power level cont ro l ,  because 
the  l i f t  u n i t  designs are not capable of continuous o r  long t i m e  operat ion 
a t  t he  high temperature levels. 
This 
A t y p i c a l  
The con t ro l  
Another scheme could be used t o  develop t h e  
Using estimated dynamic c h a r a c t e r i s t i c s  f o r  t he  louver and cont ro l  
valve ac tua tors  and f o r  t h e  duct burner f u e l  con t ro l  system, a t y p i c a l  t i m e  
h i s to ry  of l i f t  is as shown i n  Figure 51. The rapid drop i n  l i f t  of t h e  
decreasing l i f t  u n i t  is a r e s u l t  of the t h r u s t  response spo i l ing  system. 
The slower response of t he  increasing fan  is the  r e s u l t  of the  r o t o r  i n e r t i a  
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Figure 48. Schematic of a Control System f o r  a L i f t  Unit wi th  a 
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Figure 49. Typical L i f t  Unit Turbine Temperature Control 
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Figure 50. Typical L i f t  Unit Turbine Pressure Control 
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Figure 51. Typical L i f t  T ime  History f o r  a L i f t  Unit 
wi th  a Turbofan G a s  Generator. 
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t h e  o v e r a l l  t h r u s t  response, high l i f t  minus low l i f t ,  could not  approach an 
acceptable  l e v e l  without t he  louver-spoiling capabi l i ty .  
The r e s u l t i n g  moment developed by t h e  two l i f t  u n i t s  is given i n  Figure 
The c h a r a c t e r i s t i c  shows t h a t  the  e f f e c t i v e  t i m e  t o  achieve 63 percent  of 52. 
the  commanded change is about 0.13 second. 
t he re  is some reduct ion of o v e r a l l  l i f t  of t he  two u n i t s .  The maximum l i f t  
l o s s  increment is about 9 percent a t  about 0.15 second a f t e r  t he  con t ro l  
input.  This is one c h a r a c t e r i s t i c  of t he  combined system using both t h r u s t  
spo i l ing  and power modulation t h a t  is not des i r ab le ,  bu t  should be t o l e r a b l e  
because of the  very s h o r t  dura t ion  of t h e  l i f t  deficiency. 
During t h i s  cont ro l  t r a n s i e n t ,  
The da ta  presented i n  Figures 51  and 52 are based on a reasonable assump- 
t i o n  of valve cont ro l  and burner response c h a r a c t e r i s t i c s .  
input  t r a n s i e n t  is  assumed t o  have occurred during the  i n i t i a l  0.15 second. 
A study of e f f e c t s  of t he  cont ro l  lags  produced the  c h a r a c t e r i s t i c s  shown 
i n  Figure 53. The da ta  show a change i n  t i m e  constant  of about one-half of 
t h e  cont ro l  lag. The t i m e  constant  with a zero t i m e  cont ro l  l a g  is t h e  
classical fan-alone t i m e  constant  and is shown t o  be 0.21 second f o r  the  
case of 25 percent cont ro l  inputs.  
The complete con t ro l  
An analys is  of t h e  e f f e c t s  of nominal power s e t t i n g  and l eve l s  of con t ro l  
input  was performed. 
t h r u s t  component and the  case where both fan t h r u s t  and t h r u s t  spo i l ing  modulation 
are used. Maximum t i m e  constants f o r  the  combination system are about 0.15 
second f o r  t he  range of nominal l i f t  l e v e l s  from 60 t o  100 percent.  
type of l i f t  u n i t  cont ro l  system is capable of meeting the  design requirement 
of an e f f e c t i v e  t i m e  constant of 0.2 second. 
The r e s u l t s  are shown i n  Figure 54 f o r  both t h e  fan  
Thus t h i s  
I. INTEGRAL LIFT FAN ENGINE AND AIRCRAFT TRANSIENT RESPONSE 
Remote L i f t  Fan engine response and general  VTOL a i r c r a f t  t r a n s i e n t  
requirements have been previously discussed i n  Sections 111-F and 111-G. 
This s ec t ion  discusses  the  r e s u l t s  of s tud ie s  t o  determine the  dynamic response 
of the  I n t e g r a l  L i f t  Fan engine and t h e  response i n t e r a c t i o n s  with an airplane.  
A d i g i t a l  l i f t  engine t r a n s i e n t  model was constructed t o  s imula te  the  
I n t e g r a l  L i f t  Fan and i ts  con t ro l  system. To minimize cos t ,  the  con t ro l  
(Figure 55) w a s  designed t o  opera te  a t  sea l e v e l  s ta t ic ,  s tandard day con- 
d i t i ons  only. The maximum f u e l  schedule w a s  set t o  achieve response t i m e  
with more than 12% compressor s t a l l  margin and approximately LOO0 t u rb ine  
i n l e t  temperature overshoot, 
The r e s u l t s  of t h i s  study i n d i c a t e  t h a t  the  engine can achieve 63% of 
a 20% t h r u s t  demand i n  0.275 second while maintaining reasonable compressor 































I n i t i a l  L i f t  = 10,000 l b s  
Control Input = 25 percent 
0 0.2 0.4 0.6 0.8 1 .o  
Time, second 
Figure 52. Typical Control L i f t  and Moment Time 
History f o r  a L i f t  Unit wi th  a Turbo- 
f an  G a s  Generator. 
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I n i t i a l  L i f t  = 10,000 pounds 
Control Input = 25% Increasing 
Total  Control Lag, sec 
Figure 53. Effec t s  of Control Lag on Fan Thrust 
Response. 
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Figure 54. Var ia t ion  of Thrust T ime  Constant wi th  




Following t h i s  engine response a c t i v i t y ,  a closed-loop a i r c r a f t  r o l l  
cont ro l  (Figure 56) w a s  simulated and optimized f o r  s t a b i l i t y ,  response, and 
overshoot. The s t ep ,  gust ,  and hovering s imulat ion w e r e  chosen as t y p i c a l  
maneuvers. 
The VTOL a i rp l ane  chosen weighted 120,000 pounds a t  l i f t o f f ,  u t i l i z e d  
2 c ru i se  engines and 12 l i f t  engines, and had a r o l l  moment of i n e r t i a  of 
412,500 pound-feet-seconds squared. 
a t  an equal mount lever arm of 8.39 f e e t ,  t he  t o t a l  wing span being 83.9 f e e t .  
For r o l l  s imulat ions,  a l l  engines w e r e  assumed t o  be responding i d e n t i c a l l y  
per  s i d e ,  with t h e  opposite-side engines responding i n  a "mirror-image" 
fashion i n  order  t o  e l imina te  the  necess i ty  f o r  mul t ip le  engine simulations.  
The l i f t  engines, s i x  per  s i d e ,  were a l l  
When engines with the  above t r a n s i e n t  capab i l i t y  w e r e  applied t o  the  
model, the  a i rp lane  achieved the  following performance: 
L 
0 An angular acce lera t ion  rate of 0.53 rad/sec 
0 Rolled 8.9 degrees i n  1 second 
0 Reached a lateral acce lera t ion  rate of 0.155 f t / s e c  i n  2 
1 second 
The following t r a n s i e n t  p l o t s  f o r  Run 35 i l l u s t r a t e  t he  engine and 
These responses were a l l  i n  a i rp lane  open-loop response f o r  the  above. 
the  proximity of suggested a i rp l ane  requirements. 
Run 44 i l l u s t r a t e s  t he  severe  tu rb ine  t r ans i en t s  which could r e s u l t  from 
a closed-loop system response t o  a l o o  demanded r o l l  angle. Run 45 shows the 
system response t o  a 5' triangular-wave "gust." 
chosen f o r  Run 46, where the  demanded angle is  a l t e r e d  n ine  t i m e s  during a 20 
second period, wi th in  f 3'. 
A t y p i c a l  hovering maneuver w a s  
This study shows t h a t  rapid t h r u s t  response is  f e a s i b l e  with the  i n t e g r a l  
l i f t - f a n  system. The a i rp l ane  engine mounting lever-arms and t o t a l  i n e r t i a  
are very s t rong  inf luences on ove ra l l  response and should be optimized s o  t h a t  
engine l i f e  is not s a c r i f i c e d  by overly severe  turb ine  temperature t r ans i en t s .  
The engine and a i r c r a f t  controls  should be considered as p a r t  of t h e  t o t a l  
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Figure 56. Simulated Closed-Loop A i r c r a f t  Roll Control Schematic, 
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Nomenclature Table: For use with i n t e r p r e t a t i o n  of Runs 35, 44, 
45 and 46. 
SMC Compressor s ta l l  margin % 
T4 Turbine i n l e t  temperature - R 
SPD High pressure  r o t o r  speed - rpm 












N e t  t h r u s t ,  un ins t a l l ed  - pounds 
Percent  demanded f an  speed - % 
Core exhaust temperature - R 
Core exhaust flow rate - lbm/sec 
Fan flow rate - lbm/sec 
Fuel flow rate - lbm/hour 
Compressor s ta t ic  discharge pressure  - ps ia  
Lateral t r a n s l a t i o n  d i s t ance  - f e e t  
Lateral t r a n s l a t i o n  acce le ra t ion  - f t / s e c  
Rol l  angular t r a n s l a t i o n  - degrees 




SECTION I V  
RESEARCH AIRPLANE ENGINE SURVEY 
A. INTRODUCTION 
Current Ames research V/STOL a i r c r a f t  s t u d i e s  have been based on appl ica t ion  
of the  LF460/YJ97-GE-100 remote l i f t  fan engine system. Under t h i s  t a s k ,  o t h e r  
e x i s t i n g  General Electric tu rb ine  engines w e r e  surveyed as poss ib le  alternative 
powerplants f o r  t h e  research a i r c r a f t .  Both i n t e g r a l  and remote fan l i f t  engines 
were evaluated. The following items were t o  be determined i n  the  survey: 
0 Which, i f  any, engines may be used f o r  t h e  Ames research V/STOL 
a i r c r a f t  , 
0 Modifications which would have t o  be made t o  t h e  candidate engines. 
0 Avai l ab i l i t y  of t h e  engines 
... and only f o r  those candidate engines re ta ined  on completion of 
t he  above items, f u r t h e r  determine the  following . . . 
0 E s t i m a t e  performance of t he  l i f t  engine when t h e  candidate engine 
is used as the  l i f t  engine o r  as p a r t  of t he  l i f t  engine. 
0 Pr ice  and t i m e  estimates t o  develop through f l i g h t  worthiness 
test (FWT) s t a t u s  and d e l i v e r  10 engines.  
B. REMOTE LIFT FAN SYSTEMS 
1. Turbojet  G a s  Generators 
Available General E l e c t r i c  t u r b o j e t  and turboshaft  engines (with t h e  power 
turb ine  and assoc ia ted  hardware removed) w e r e  eva lua ted ,  f o r  s u i t a b i l i t y  as remote 
l i f t  fan system gas generators .  Presented i n  Table XV are engine flow s i z e ,  
tu rb ine  discharge flow funct ion,  i d e a l  gas horsepower ( i d e a l  ex t r ac t ion  t o  
ambient p re s su re ) ,  s p e c i f i c  i d e a l  horsepower, gas generator  weight,  i d e a l  horse- 
power-to-weight r a t i o ,  and l i f t  developed f o r  l i f t  fan design pressure  r a t i o s  
of 1.35 and 1.25. The values of l i f t  were ca lcu la ted  using s impl i f i ed  l i f t  fan 
component performance assumptions. 
fan therefore  do not  exac t ly  match J97/LF460 performance defined under the  LF460 
d e t a i l  design program. The performance d a t a  of the  1.35 pressure  r a t i o  fans  are 
representa t ive  of t he  LF460 configurat ion with associated acous t i c  treatment 
l o s ses ,  while  t h e  performance of t h e  1.25 pressure r a t i o  fans  w a s  ca lcu la ted  
using Remote L i f t  Fan l e v e l s  and t h e  a t tendant  acous t i c  t reatment  l o s ses .  
pressure r a t i o s  of t he  fans represent  design values.  The l i f t  values presented 
are based on the reduced pressure r a t i o s  which occur at the  Nominal Rated 
operat ing condition. 
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The d a t a  of Table XV show t h a t ,  on t h e  b a s i s  of i d e a l  s p e c i f i c  horsepower 
(HPi) and horsepower-to-weight r a t i o ,  the 597 is t h e  most a t t r a c t i v e  l i f t  fan 
gas generator.  On t h e  b a s i s  of HPi /Wt  the  585-21 is a l s o  an attractive l i f t  
fan gas generator ;  however, i ts power HPi,  due to  lower cycle pressure  r a t i o ,  
would r e s u l t  i n  a lower system bypass r a t i o .  
t he  need f o r  r e l a t i v e l y  l a r g e r  (a i r f low) gas generators  and l a r g e r  gas ducts.  
The lower bypass r a t i o  introduces 
2.  Turbofan Cores 
Also presented i n  Table XV are s i m i l a r  da ta  f o r  unsupercharged turbofan 
Weights are no t  r ead i ly  ava i l ab le  as frames should be redesigned and cores.  
low pressure spool  and assoc ia ted  hardware should be  removed. 
cores  were assumed t o  be  opera t ing  wi th  the same tu rb ine  flow funct ion  as when 
supercharged i n  the turbofan vers ion.  The turb ine  in le t  tmperatures are there-  
fo re  reduced i n  proport ion t o  t h e  reduct ion i n  core compressor i n l e t  temperature. 
As ind ica ted  i n  the  Table,  t h e  TF39 core is  competitive on an idea l - spec i f i c  HP 
b a s i s ;  however, s ince  the turbofan cores are designed f o r  h igher  cycle  pressure  
r a t i o s  r e s u l t i n g  from fan supercharging, t h e  system weight would be penalized. 
These turbofan 
3 .  Air Pumps 
The c h a r a c t e r i s t i c s  of a i r  pump compressors which could be obtained by using 
t h e  f ron t  s ec t ions  of d i f f e r e n t  e x i s t i n g  compressors are shown a t  t h e  bottom of 
Table XV. An in-  
d i ca t ion  of t h e  power system s i z e  required t o  d r i v e  the  a i r  pump can be seen by 
comparing the  horsepower required with the  values of i d e a l  horsepower f o r  the  
tu rbo je t s ,  allowing f o r  appropriate  reduct ions i n  ava i l ab le  horsepower f o r  power 
turb ine  e f f i c i ency  and higher-than-ambient discharge t o t a l  pressure.  The l i f t  
values f o r  the  a i r  pumps are based on assuming hea t  addi t ion  i n  the air-pump 
flow t o  1860" R. 
The r e s u l t i n g  a i r f low and horsepower required are presented. 
4. LF460/YJ97 L i f t  Fan System 
A s  a r e s u l t  of t h e  engine survey, i t  w a s  concluded t h a t  t h e  LF460/YJ97-GE- 
100 remained t h e  most s u i t a b l e  system f o r  t h e  Ames  research a i rp lane .  This  l i f t  
fan system cons i s t s  of an LF460 remote l i f t  u n i t  dr iven by the  turb ine  discharge 
gas from a YJ97-GE-100 t u r b o j e t  engine. The l i f t  u n i t  incorporates  a s ingle-  
s t age  fan and t i p  turb ine ,  and includes an i n t e g r a l  bellmouth i n l e t  and double- 
e n t r y  s c r o l l  system. The d e t a i l  design of t h i s  l i f t  u n i t  is presented i n  
Reference 3. The YJ97-GE-100 engine i s  an ax ia l  flow, s ing le- ro tor  t u rbo je t  
with va r i ab le  compressor s t a t o r  vanes and a two-stage turb ine .  
is  modified by removal of the fixed-area,  convergent-nozzle system. Engine 
spec i f i ca t ion  da ta  are presented i n  Reference 4. 
The b a s i c  engine 
Elec t ronic  Data Processing (EDP) performance decks t o  ca l cu la t e  estimated 
performance f o r  t h i s  l i f t  fan system w e r e  developed under Contract NAS2-6056 
f o r  t h e  National Aeronautics and Space Administration. The EDP decks include 
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the necessary programming provisions to  permit the calculation of engine per- 
formance separately or as a subroutine of a larger program. Instructions for 











































Al t i tude ,  geopotent ia l  f e e t  
Resultant t h r u s t  vec tor  angle r e l a t i v e  t o  fan  e x i t  plane, degrees 
Case i d e n t i f i c a t i o n  number 
Gas generator  ram recovery 
L i f t  un i t  ram recovery 
L i f t  u n i t  base drag, l b s  
Gas generator  ram drag per l i f t  unit*, l b s  
L i f t  un i t  ram drag, l b s  
Turbofan gas generator  r e s idua l  gross t h r u s t  per l i f t  unit*, l b s  
L i f t  u n i t  gross  t h r u s t  including base drag, l b s  
System n e t  t h r u s t  per  l i f t  unit**, l b s  
F1 igh t  Mach number 
Gas generator  fan r o t o r  speed ( i f  turbofan),  percent 
L i f t  un i t  r o t o r  speed, percent 
Gas generator  r o t o r  speed (core r o t o r  speed, i f  turbofan),  percent 
Gas generator  e x i t  t o t a l  pressure t o  duct system, ps ia  
Ambient s t a t i c  pressure, p s i a  
Power s e t t i n g  
Gas generator  compressor i n l e t  t o t a l  pressure,  p s i a  
L i f t  un i t  i n l e t  t o t a l  pressure,  ps ia  
L i f t  un i t  i n l e t  t o t a l  pressure a t  face  of fan  ro tor ,  ps ia  
Gas generator  e x i t  t o t a l  temperature t o  duct system, OR 
Ambient s t a t i c  temperature, OR 
I n l e t  t o t a l  temperature, OR 
Turbofan gas generator  core exhaust temperature, O R  
L i f t  un i t  tu rb ine  exhaust temperature, O R  
L i f t  un i t  fan exhaust temperature, OR 
F l i g h t  ve loc i ty ,  knots 
Turbofan gas generator  core exhaust ve loc i ty ,  f t / s e c  
L i f t  un i t  tu rb ine  exhaust ve loc i ty ,  f t / s e c  . 
L i f t  un i t  fan  exhaust veloci ty ,  f t / s e c  
Gas generator  duct sys t em flow per  l i f t  unit*, lb / sec  
Fuel flow per  l i f t  unit*, lb/hr  
Gas generator  i n l e t  a i r f low per l i f t  unit*,  lbs / sec  
L i f t  un i t  i n l e t  a i r f low,  ps ia  
Turbofan gas generator  core  exhaust flow pe r  l i f t  uni t* ,  lb / sec  
L i f t  un i t  tu rb ine  exhaust flow, lb / sec  
L i f t  un i t  fan exhaust flow, lb / sec  
generator  gas flow r a t e s ,  f u e l  flow, ram drag and t h r u s t  a r e  on a pe r  
l i f t  u n i t  bas i s .  M u l t i p l y  these  values by 2 t o  get  t o t a l  gas generator  
values f o r  the assumed 2 l i f t  u n i t / l  gas generator  system. 
** Turbofan gas generator  r e s idua l  t h r u s t  (FGGG) is included and assumed t o  
be codi rec t iona l  with l i f t  un i t  t h r u s t .  
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APPENDIX A 
REMOTE LIFT FAN SYSTEM A 
(Turbojet/l.25 Pressure Ratio Lift Units) 
Estimated Installed VTOL Performance 
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GENERAL ELECTRIC COMPANY 
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r 7140,  
5 8 8 8 ,  
5064. 
5 0 4 2 0  











0 3 4 9 ,  
7626, 




3 8 5 9 .  
3835,  


















2 9 3 0  
289, 






8 3 6 0  
6270 
5 4 5 ,  
4 3 8 ,  
432 63 
337. 
























1 .00  
i.90 
1.80 















GENERAL E L E C T R I C  COMP4NY 
SLF S Y S T E M  A VTDL E S T I M A T E  PERFDSYANCE 
ALT MO VOKMTS PO TO ETARGG P2GG T 2  
0 0  0.15114 100*00 14.696 518.67 le0000 14o932'521e05 
O o  0.15114 100.00 14.696 518.67 1~0000 14,932 521.05 
0. 0*15114 T O O ~ O D  14,696 518.6'7 1,0030 14,932 521.05 
0. 0015114 100.00 14,696 518.57 1.0000 14.932 521.05 
00 0.115114 100000 14,696 518.67 1.0000 14,932 521.05 
0.  0.15114 100000 140696 518.67 1.0000 14,932 521.05 
0. 0.15114 100.03 14,696 518.67 1 o O O 3 O  14,932 521.05 
0 .  0.15114 100000 14,696 518.67 100000 14,932 521.05 
0 ,  0.15114 100.00 14.696 518.67 100000 14,932 521.05 
0. 3.15114 lODe00 14.696 518067 1*0000  14,932 5 2 1 e 0 5  
00  0.15114 I O O o O O  14,696 518.67 1.0000 140932 521.05 
0 .  0,15114 1 0 O e O O  14.696 518.67 1.0000 14.932 521.05 
0. 0115114 1 O D e O D  14,696 518.67 1.0003 14,932 521.05 
0 ,  0.15114 100e03 14,696 518.67 1.0003 14.932 521.05 
00 i)e15114 103003 14.696 510.67 1.0003 14.932 521.05 
00 Oq15114 100000 14,696 518.67 1.0000 14.932 521.05 
00 0.22670 1 5 O o O O  14,696 558.67 100000 15.232 524.02 
0. 0,22670 1 5 3 o O O  14,696 518067 1 0 O O D O  15,232 524.02 
9. 0.22670 150.00 14.696 518.67 1e1)030 15,232 524.02 
0. 3,22670 250eD3 14,696 518.67 1.0000 15,232 524002 
105 
G E N E R A L  E L E C T R I C  COMPANY 
4 t F  S Y S T E M  A UTOL E S T I M A T E  PERFORYAVCE 
C A S E  WOGG PEXGG TEXGG WEXGG PCNFGG PCNGG M8GS V8GS TBGG 
0. 0 ,  ’ 0. 
0. 0. 0. 
0, O m  00 
0. 00 0.  
0 0 . 2  
100.2 
100.2 





62-52 0 ,  
42052 0. 
62.52 0 .  
6 2 0 5 2  0 .  
62 e 00 
62. 00 
62 .00  
62  . 00 
9602 
9 6 - 2  
96.2 
96.2 
0. 0 .  0. 
05 00 0. 
0 .  0 .  0 .  
00 0 .  00 
37.47 1548.6 
37.47 1548.6 
3 7 0 4 7  1 5 4 8 0 6  
37.47 1 5 4 8 - 6  
55.41 0 .  
55.41 0 .  
5 5 - 4 1  0, 
55a41  0.  
0 -  0, 0. 
0 .  0. 0 .  
0, 0 .  0 .  









0 .  0. 0. 
0, 0. 00 
00 0. 0. 
0. 30 3 .  
68  60 
68.60 
6 8 0 6 0  
68.60 
51.89 1879.8 
51,89 187908  
51.89 187908  
51.89 187948 
0, 00 0. 
0. 0 .  04 
0, 0, 00 






GENERAL ELECTRIC COMPANY 
RLF SYSTEM A VTDL E S T I M A T E  P E R F D R Y A W E  
C A S E  E T A R L U  P2LU P22LU UOLU V28LU V8LU W28LU W8LU Y28LU Y8LU 
41.0 1.0000 14.932 1 4 0 8 1 6  673.09 4 5 9 ,  660, 673.09 68.18 562.  1519 .  
.0000 14.932 14.818 6 6 8 0 4 3  6610 663.  668.43 6 8 - 1 8  5 6 3 ,  1520 .  
43.0 le0000 14,932 14.824 651.76 6 7 0 .  6740 651e76  68.18 564 .  1521 .  
44.0 1.0000 14 ,932  14.832 630.45 6 7 9 .  6880 530.45 68018 565.  1522.  
45.0 1.0000 14.932 14 .838 612.70 603 .  567.  612.70 62.52 5 5 5 0  1416 .  
46.0 1.0900 14.932 14.839 608.51 6 0 5 .  5 7 0 .  608.51  62.52 556.  1418 .  
47.0 1.0000 14,932 14 .844 593.19 613.  580.  593.19 6 2 . 5 2  556.  1418 .  
48.0 1aOOOO 14.932 14.850 573.17 6 2 1 .  592.  573.17 6 2 - 5 2  5580 14190 
49.0 1.0000 14.932 14.864 526.01  522.  4740 526.01 5 5 - 4 1  547.  1333.  
50.0 le0000 14.932 14.865 522.07 5 2 3 ,  476 .  522.07 5 5 . 4 1  5 4 7 0  1333 .  
51.0 l e 0 0 0 0  14 ,932 14.869 508.06 529 .  4850 508.06 55.41 5470 1333.  
52.0  1.0000 14.932 14.873 490.47 5340 495.  490.47 55.41 548 .  1334 .  
53.0 le0000 14.932 14 .886 433075 432 .  387 .  433.75 47.97 5380 12510 
54.0 1 .0000 14 .932 14.887 430.59 433.  388. 430.69 47.97 539 ,  1251 .  
55.0 1.00oo 14,932 ~ 4 . a s s  420.27 438.  3 9 s .  620.27 47.97 539 .  1 2 5 2 .  
56.0 1 .0000 14.932 14.892 407.29 444.  404 .  407.29 47.97 5 3 9 ,  1252.  
57.0 1.0000 15.232 15.115 680.56 6 8 2 .  6 7 2 ,  680.56 69.36 566. 1523 .  
58.0 1 e 0 0 0 0  15,232 15.117 675.44 6 8 5 .  675 .  675.44  6 9 - 3 6  567 .  1523 .  
59 .0  1.0000 15.232 15.123 657.55 691.  6 8 7 .  657.55 69.36 568.  1524.  
60.0 1.0000 15.232 15.130 635.45 700. 7 0 1 .  636.45 69.36 5 6 9 ,  1525.  
107 












5 2 e O  







6 0 e O  
GENFRAL 
3LF S Y S T E M  A 







8 R e l  
8 7 0 6  
7 6 , 5  
76.5 
7 6 . 1  
7 5 . 7  
43.6 
63*5 
5 3 . 2  




9 6 e 9  
BETAB 
0 ,  
1 5 s 0 0  
30.03 












4 0 0  OD 
00 





4797 .  





3 8  35 
28 92 e 







49 09 s 
4909 .  
49090 
4 9 0 9 .  
FDGG 
3 5 4 .  
3540 
3 5 4 ,  




325 .  
289. 
2 8 9 .  
2 8 9 ,  
2 8 9 .  
2 5 1 .  
2511. 
251s  
251 .  
5 4 0 ,  







3 3 0 8 ,  








2 2 7 6 ,  
2260 ,  
2205.  
21370 




E L E C T R I C  COMPANY 
Y701 E S T I M A T E  P E R F 3 S Y A V C E  
FGGG FGL U 
0, 12743 ,  
0 s  126730 
0, 1 2 1 6 2 ,  
0 .  9924.  
0 .  13332. 
0 s  10271 .  
0 .  9831.  
00 7972. 
0. 7314s 
0. 7 2 5 4 ,  
0, 6892.  
0, 5542.  
0 ,  4637.  
0. 4615. 
0, 44471 
00 3645.  
0, 1 1 8 3 6 .  
0.  11727s 
0, 1 1 1 0 9 .  
0 ,  9 0 3 9 ,  
FDBASE 
, 1 1 2 6 ,  




9 2 9 0  
875. 
809. 




4 8 6 .  
478. 
453. 
6 2 2 .  
12960 




GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM A VTDL E S T I M A T E  PERFORYANCE 
C A S E  
61.0 
62.0 








7 1 0 0  

















8 9 e O  
9 0 0 0  
92 .0  
91.0 








PS ALT M O  VOKNTS PO TO ETARGG PZSG T Z  
1000 















4 0 0 0  
4,Oo 




l e 0 0  
l e 0 0  
2 . 6 0  
2 0 6 0  
2.60 












































3 0  
10000 9,07583 5 0 a O O  
1 O O O m  0.07583 50.03 
1 O O O m  3.07583 5 0 e O O  
000, 3 ,07583 50,OO 
1000. 0.075183 50100 
OOO, 3,07583 50430 1 
0000 3,07583 50,OO 1 
0000 3,07583 50.00 1 4,230 525070 
1 O O O e  0407583 50.00 
1000, 0,07583 50,OO 
3r07583 50sDO 
000, 0 , 0 7 5 8 3  50-90 
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GENERAL E L E C T R I C  COMPANY 
RLF S Y S T E M  A UTOC ESTIFtATE PERFORYAYCE 
C A S E  WOGG P E X G G  TEXGG WEXGG PCNFGG 
61.0 
62 .0  















































52 e 59 
52.59 
52.59 
45 . 66 
45.66 















5 2 . 7 7  
52.77 





































65 .06  
65.06 


















6 5 . 2 9  
























0 .  
0. 




















0 .  
Om 
00 

















































0 .  
O a  
0 .  
0 .  
0. 
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0. 
0. 
0 .  
0 .  
0. 





0 .  
0 .  
0 ,  
0 .  
0. 
0. 
0 .  
0. 
0 .  
O e  
0. 
04 
0 .  
80 





0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 ,  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0. 



















0 .  




0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0. 
0 .  
0. 
0 .  
0 .  
0 ,  

























GENERAL E L E C T R I C  C O M P A N Y  
RLF S Y S T E M  A WT3L E S T I M A T E  P E R F O R Y A Y C E  
C A S E  ET4RLU P2LU P22CU W3LU W28LU 
61.0 1,OOOO 4.173 14 ,060 6 4 8 0 0 9  6030 
62.0 L.0000 14.173 1 4 , 0 6 2  6 4 4 0 4 2  6050 
63.0 1,3000 14.173 14 ,067  631.05  6 1 4 ,  
64.0 1.81300 1 4 0 1 7 3  14 ,073 613.78 6240 
65.0 100000 1 4 , 1 7 3  14.082 585075  543.  
66.0 ZeDQOO 14.173 14 .084 582.32 5 6 5 0  
67.0 1.0000 14.173 14.088 569.73 553.  
68.0 1.0000 14.173 1 4 0 0 9 3  553e77 561 .  
8 5 0 0  IeOOOO 3 9  587831  5 6 5 0  
86.0 1.flOOO 41 583049  5680 
8710 100000 45 569,64  576.  
89.0 1eOOOO 14.230 1 4 0  6 4  503893  4 8 9 ,  
90e0 1.0000 1 4 0 2 3 0  65  500.25 4 9  
91.0 100000 1 4 , 2 3 0  6 9  487053  4 9  
9 2 0 0  1,0300 24.230 1 4 0 1 7 3  471.51 5340  
V8LU W28LU W8LU T28LU T8LU 
647 .  548.09 65.04 555.  1504.  
6 6 1 .  631.05 65.06 556.  1 5 0 6 ,  
650 .  644.42 65006  555, 1505. 
6750 613.78 65.36 5570 15070 
3800 417.06 45.78 5320 1240 .  
381. 414.36 4 5 - 7 8  5 3 2 0  1240. 
3880 404.89 45078 5 3 2 0  12400 
3 9 6 0  3 9 3 0 0 1  4 5 * 7 8  5330 1241.  
318. 363.48 40.40 528.  1174 .  
3 1 9 0  361008 4 0 0 4 0  5280 1 1 7 4 0  
3 2 5 0  352.82 4 0 0 4 0  5280 11740 
3 3 2 ,  342.57 40.40 5 2 8 0  11740 
6 4 9 ,  6 ,48005 65.29 5560 1506 .  
6 5 3 ,  644.02 6 5 0 2 9  5560 1 5 0 6 .  
6640 629.17  65.29 5 5 7 0  1 5 0 7 0  
678 .  610006  65e29  5580 1508-  
59087 5490 14080 
4e36 65.94 5330 
1.38 65.94 5330 
3 9 0 ,  4 0 ~ 3 9  45.94 5 3 3 ,  
3 9 8 .  387093  45a94  5 3 4 .  
3 2 0 ,  359e27 4 0 . 5 5  528s Ii1750 
321. 356.69 43.55 5 2 9 ,  
326, 347e51  4 0 e 5 5  5290 
3 3 3 ,  3 3 4 m 2 5  40aSS 529, 
111 
G E N E R A L  
RLF S Y S T E M  4 
C C O M P A ~ Y  
VTDL E S T I M A T E  PERFORYAVCE 
F I) 8 AIS E C A S E  FOGG FOLU FGGG FGL U PCNFLU BETAB 
















6 2 . 0  
6 3 . 0  
64.0 
9807 30e03 4 5 1 6 .  






6 6 0 0  
67.0 
68.0 
8 9 0 7  00 36 10 
8905 1 5 0 0 0  36100 
8 9 0 3  3 0 . 0 3  36100 














7 0 0 0  
7100 
7 2 0 0  









0 ,  
















0 .  
0, 
4880 .  
4 8 5 9 0  






6 4 0  3 00 ~ 9 i a ,  
6 3 0 9  5001) 1 9 7 8 .  
6 3 0 6  30.03 19780 




















2 9 2 3 0  
283. 























88.0 00 36275 
8 7 0 8  e 0 0  3627, 
8703 e 0 0  36270 




5 6  
85.0 
86 a 0  
87.0 
3 3 .  
3 8 ,  
389 













5003 ,  
4-7-74, 
422 e 






942  L 
9360 
20 
882  0 
3 6 .  
360 
0 6 ,  
06. 
G E N M A L  E L E C T R I C  COMPANY 
RLF SYSTEM A V T D L  E S T I M A T E  PERFDRYAYCE 
T2 TO ETARGS P2GG CASE PS A LT MO V3KNTS PO 
fOl.0 1.09 1000, 3.15165 l O O o 0 0  14.173 515.10 1,0000 14.402 517.48 
10200 1.00 1OOOo 3.15165 100.00 14,173 515e10 1.0000 l4.402 517.48 
103.0 1.00 lOOO* 3.15165 iOO.30 14.173 515.10 le0000 14,432 517.48 
104.3 ;*DO 1000. 9.15165 130.00 14.173 515.10 1.0000 14.492 517.45 
105.0 1.80 1000. 0.15165 100000 14.173 515.10 1.0000 14,492 517.48 
106.0 1.80 1 O O O e  3.15165 100.00 14.173 515.10 lo0000 14.432 517.48 
10700 1.80 1000s 0.15165 1OO.OO 14,173 515.10 1.0000 14.432 517.48 
10800 1.80 1000, 0,15165 100.00 14.173 515.10 1.0000 14.402 517.48 
109.0 2.80 1000. 0.15165 100.00 14.173 515.10 1eOO30 14.432 517.48 
110.0 2e80 1000. 0.15165 100.00 14.173 515.10 1oOO30 14,432 517048 
111.0 2.80 1000. 0.15165 100000 14.173 515.10 1.0000 14.432 517.48 
112.0 2 .83  1000. 0.15165 190.00 14.173 515.10 1.0030 14,432 517.48 
113.0 3.40 1000. 0.15165 100.00 14,173 515.10 1*0000 Z4.432 517.48 
114.0 3.40 1000. 0.15165 100.00 14.173 515.10 1.0003 14.492 517.48 
115.0 3.40 1000. 0.15165 100*00 14.173 515.10 1.0003 14.402 517.48 
116.0 3.40 1000. 0.15165 100.00 14.173 515.10 1.0030 14.432 517.48 
117.0 1.00, 1000s 0.22748 150.00 14,173 515.10 1.0000 14.633 520.45 
119.0 ? e 0 0  1000. 0.22748 150.30 14.173 515.10 1.0000 14.693 520.45 
120.0 1.00 1000. 0.22748 150*30 14,173 515.10 1.0000 14.633 520.45 
118.0 1.00 1000, 0,22748 150.00 14.173 515.10 1.0000 14.693 520.45 
113 
GENERAL E L E C T R I C  COMPANY 
R L F  S Y S T E M  A UTDL E S T I M A T E  PERFORMAYCE 
C A S E  WOGG PEXGG TEXGG WEXGG PCNFGG PCNGG W8GG 
0. 
0. 
0 .  
0. 










65097  0. 


































0 .  
0. 
0. 




0 .  
0 .  
0 ,  








0 .  , 













5 3 . 6 2  0. 















0 .  
0.  
























66 e 40 
66.40 
50.08  1868.1 
50008 1868.1 























GENERAL E L E C T R I C  C O M P A N Y  
RLF S Y S T E M  A V T O L  E S T I M A T E  PERFORYAYCE 
C A S E  ETARLU PZLU P22LU WOLU V 2 8 L U  
105.0 l e 0 0 0 0  14.402 14 .311 592.73 601.  
106.0  ~ 8 ~ ~ 0 ~  1 4 8 4 0 2  148312  588.65 6338 
107 .0  l 8 O O O O  14 ,402 14 ,317 573.83 611 .  
108.0 1*0000 14.402 14.323 5 5 4 . 3 3 -  618 .  
117.0 1oOOOO 14,693 14 .580 6 5 8 8 7 6  680.  
118.0 1 * 0 0 0 0  14.693 14.582 653.81 6828 
119.0 180000 14 ,693  14.588 636.49 689.  
120.0 1.0000 14 ,693  14 .595 616.30 698. 
V8LU Ird28LU W8LU T28LU T8LU 
385.  419.44 46.42 S35. 12420 
387.  416.49 46.42 5355. 12.428 
3948 406q41  46.62 5350 12428 
402 .  393886  46.42 536.  1243 .  
115 
CASE 










111 .0  
12.0 
113.O 
114 .0  
115.0 
l l i 6 * 0  
117 .0  
118.0 
119.0 
1 2 0 8 0  
G E N E R A L  








87 .1  
0 7 8 2  
76m3 
76m2 
7 5 0 8  









B E T 4 0  
0, 
1 5 m O O  




30 .00  
40, 00 
00 














46  04 
4604 ,  
36 a0 . 
36 86 0 
3 6 8 0 0  
36 80 0 
2 7 7 7 ,  
2 7 7 7 .  
27 77 0 
27 77 . 
2016.  
47 16 0 
47 16 
47  16. 
47 16 0 
ELECTRIC COMPANY 
VTOL E S T I M A T E  PERFORYAVCE 














2 4 3 ,  
2 4 3 ,  
243. 
522.  














2 1 8 5 ,  
21328 
2066 m 
5 1 8 4 ,  
5 1 4 5 0  
5009m 






























672 .  
632. 




1 0 6 6 0  
8 4 3 .  
4 0 7 .  
2163,  




GENBRAL E L E C T R I C  COMPANY 
RLF SYSTEM A VTOL E S T I M A T E  PERFORYANCE 






















'I e o 0  
1.00 











4 e O O  










































0 .  
00 













13,664 511.54 1,0000 13.664'511054 
1130664 511054 1.0000 13,654 511.54 
13,664 511054 1eOOOO 13,654 51'1.54 
13.664 511054 100000 130664 511054 
3,664 511.54 be0000 l3.720 5 
3.664 5 1 1 e 5 4  
30664 511054 
GENERAL E L E C T R I C  COMPANY 
RLF S Y S T E M  A VTOL E S T I M A T E  PERFOSYAYCE 





52 * 9 4  0 .  99,3 0 .  0 .  . 0. 
62.94 0. 99.3 0 0  0. 0. 
62.94 0 .  99.3 0 ,  0 .  00 




124 .0  
40.74 1681.0 
4 0 o f 4  1681.0  
40.74 1681aO 
40.74 1681,O 
57.71 0. 95.3 0. 0.  0. 
57.71 0.  95.3 0.  0. 0. 
57.71 0 .  95.3 0. 0 ,  0 .  
57.71 0. 95.3 0 0  0 .  0. 
50.88 
50.88 
5 3 - 8 8  
50.88 
34.26 1520.5 
34026 1 5 2 0 e 5  
34.26 1520.5 
51.15 00 91.4 0 .  0.  0 .  
0. 91.4 0 ,  0. 0 .  
5 1 0 1 5  0 ,  91.4 00 1 00 0.  
51.15 0.  91.4 0.  0. 0. 
44.28 0 .  87.4 0. 0. 0. 
4 ~ 2 8  0 .  87.4 0 ,  0. 0. 
44.28 0 .  87.4 00 0. 0. 













3 9 0 0 8  8 .  8 4 0 4  0 ,  0.  0.  
39.08 0. 84.4 00 0. 0.  
39.08 0. 84.4 0. 0. 0. 
39.08 0. 84.4 0. 0. 0. 




1 4 1 e O  
42.0 
4 3 . 0  




0. 99.4 0.  0.  0. 
63.16 0. 99.4 0 .  0 .  0 .  
63.16 0.  99.4 O a  0, 0. 




5 7 * 4 5  
57.92 0. 95.4 0.  0 .  0. 
57.92 0, 95 ,4  0 ,  0. 0, 
57.92 0. 95.4 0. 0 .  0. 





51.33 0. 0 .  0.  
Q, 0. 0. 
0, 0 .  0 .  
0. 00 0, 
49.0 
50 .0  
51.0 
152.0 34.40 1522.3 
44.32 
4 4 0 3 2  
44.32 
44.32 
44,44 0. 87.4 0 .  0. 01 
44.44 0, 87.4 0, 0. 0 ,  
4 4 e 4 4  0, 8 7 e 4  0, 0. 0, 
44.44 0. 8 7 * 4  0 ,  0, 0. 
5 3 . 0  
54.0 
5500 
56.0 28.19 1369m6 
5 7 e 0  




3 9 . 2 2  O m  Om 0. 
39.22 0, 0. 0 
39e22 0. 84,s  0, 0 ,  0, 
39e22 0 ,  84.5 0 O m  0 
GENERAL ELECTRIC COMPANY 
RLF S Y S T E M  A VTOL E S T I M A T E  P E R F O R Y A Y C E  
CASE ETARLU P2LU P22LU W O L U  V28LU 
1 2 1 0 0  100000 1 3 0 6 6 4  13.556 6 2 6 0 8 9  600. 
1 2 2 0 0  1.0800 1 3 , 6 6 4  13.557 6 2 3 0 3 2  6030 
123.0  1 .0000  1 3 , 6 6 4  13.562 610a45  6 1 2 ,  
1 2 4 0 0  10OOOO 13.664 13 ,568  59'3.68 6 2 2 ,  
133.0 IeOOOO 1 3 , 6 6 4  13.622 '403.37 382.  
134 .0  1 0 O Q O 0  1 3 0 6 6 4  13.622 490.76 3 8 4 ,  
135 .0  10QOOO 1 3 0 6 6 4  13.624 391.60 389.  
136.0  le0009 1 3 , 6 6 4  13 ,627  380.11 394.  
'137.0 1.0000 13.664 13 .632 351.56 332.  
138.0 1 .OOOO 1 3 , 6 6 4  13 ,633  349.24 3 3 4 0  
1 3 9 0 0  100000 1 3 , 6 6 4  1 3 , 6 3 4  341.25 338.  
1 4 0 0 0  L e O O O O  13 .664 30636  331.34 3 4 3 ,  
4 5 0 0  1.0000 1 3 o 7 2 0  1 3 0 6 3 3  5 4 8 0 0 1  563.  
46.0 1 .0000 13.720 6 3 4  564.31 5 6 6 0  
47.0 103000 1 3 0 7 2 0  6 3 8  553990  574 ,  
4 8 0 0  le0000 5820 
149.0  1.0000 23e720  3.657 487e30  487, 
4 8 3 1 7 4  4890 
4 7 1 0 4 4  495 .  
455e96  502, 
53eO 100000 3.720 1 3 0 6 7 8  40~977 4 3 7 0  
54.0 1,0000 3,720 13.679 397.89 408.  
55.0 1eOOOO 13.720 30681  387e73  4 1 3 ,  
56.0 1,0000 13.720 3.403 379.21 4199 
1 5 7 0 0  1.0000 3,689 347.49 3569 
1 5 8 9 0  100000 3,689 344e98 358.  
3 0 6 9 3  3 2 5 0 2 2  367 
V8LU W28tU WBLU T28LU T8LU 
6440 6 2 6 9 8 9  6 2 0 %  55'1. 1494.  
6470 623.32 6 2 0 0 4  5520 1494, 
659 .  610.45  62.94 5 5 2 0  14950 
6 7 2 .  593.68 6 2 0 9 4  553.  1 4 9 6 ,  
3780 403m37 44e28 5280 1 2 3 1 0  
379.  400.76 44.28 528. 1 2 3 1 ,  
3360 391.60 44.28 5280 1232 .  
3 9 5 .  380011  44.28 5 2 9 0  1232 .  
3 1 6 ,  351.56 39.08 524.  l 1 6 b 0  
3180  349.24 39.08 524.  11660  
324. 341.25 39.08 5 2 4 .  1x660 
330.  331.34  39.08 525.  1166g 
647 .  6 2 6 0 8 6  63.16 552.  1 4 9 5 0  
6 5 0 .  622.95  63.16 552.  1495.  
6620 608059  63.16 5530 1 4 9 6 0  
6 7 5 s  599908  53, 6 554.  1497 ,  
!57,92 545.  
57e92 5 4 5 0  
57992 5460 
57e92 5471 1400. 
3180 347049  39e22 525 .  
320, 344.98 39.22 525.  
2 39e22 5251 
2 3 9 0 2 2  526, 
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GENERAL E L E C T R I C  COMPAYY 
VTDL ESTIMATE PERFORMANCE 
CASE PCNFLU BETAB W f M  F D G G  FDLU FGGG FGLLJ F D B A S E  
9904 
9 9 . 1  






4 3  33 e 
43 33 o 
4 3  33 0 
43 33 e 
00 




O e  
0. 
00 
8 7 7 .  
8640 
8170 




2 4 . 0  
89e3 
8 9 . 2  
8806  
8 8 . 0  
3464 e 
3464 0 










0 .  9304. 
0, 9 2 7 7 .  
00 89790 
0, 7422s  
7140 









7 6 . 5  




O e  
00 
00 
0 .  
O e  
0. 6 8 9 1 ,  
00 6 8 6 2 .  
0 0 '  66280 




132 .0  
00 
5 e O O  
30.03 
4 0 0 0 0  
2 6 1 4 .  





0 ,  









O e  
O e  
00 47020  
00 4 6 8 2 ,  
0 .  4519.  
0 .  3 7 2 5 .  
133.0 
13400  
3 5 . 0  
136.0 
00 
1 5 o O O  
30,OO 
4 0 . 0 0  









2 6 8 0  
2 5 5 .  
240,  
1 3 7 . 0  
1 3 8 . 0  
39eO 
140eO 
9 7 0 0  
96e8 
9 6 e 3  
9 5 e 3  
0. 
f 5 e 0 0  
30.03 
400 0 3  
4 3 5 4 .  
4 3  54 e 
4 3  54 e 





1 3 4 ,  
54. 
54. 
6 4 ,  
0. 772, 
0 .  7330  
00 
0 ,  9349, 
644. 




8 7 . 5  
86m9 
8 6 . 4  
O e  ~ 6 4 4 e  











2 6 2 7 ,  
5830 
57.4, 
543  0 
506, 
149,O 0, 
O m  00 
7 5  
75,O 
7 4 e 6  
7 4 ,  
908  e 
908 e 
908  
9 0 8  e 
0 4 8 2 0 ,  
0 .  4 7 9 3 ,  




3 5 6 ,  
6 ,  
60 
6m 
6 ,  
5 3 . 9  
5 3 e 8  
5 3 , 6  







2 7 5 ,  
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GENERAL E L E C T R I C  COMPANY 
R L P  SYSTEM A V T O L  E S T I M A T E  PERFDRYAVCE 
CASE PS ALT MO VOKNTS P O  T O  ETARGG P2SG T2 
165.0 1.80 2 0 0 0 0  Se15218 5 O S e 3 O  13.664 511.54 100000 13.887 513.91 
166.0 1.80 20000 0,15218 1 O O * O O  13.664 511054 10OOOO 130887 51309l 
167.0 1.80 2000, 0,15218 l O O o O D  13.664 511.54 100000 13,887 513.91 
168.0 1.80 20000 3.15218 100000 13,664 511.54 100000 13,887 513.91 
169.0 2m60 2 0 0 0 0  Do15218 1 O O o O O  13.664 511.54 100000 130887 513.91 
f7O.O 2.60 2000. 0,15218 100000 13.664 511.54 1.0000 13,887 513.91 
171.0 2.60 2000, 0.15218 1 O O e O O  13.664 511.54 To O O O O  13.087 513.91 
172.0 2.60 Z O O 0 0  3015218 l O O * O D  13.664 511.54 1.0000 130887 513.91 
173.0 3.40 2000- 0.15218 LOO000 13,664 511.54 100000 I130887 513.91 
174.0 3040 20000  0,15218 I O O o O O  13.664 511.54 LoOOOO 13.887 513.91 
175.0 3.40 20000 3.15218 1 O D o O O  13.664 511054 1.0000 13.887 513.91 
176.0 3040 2000 .  3.15218 1 3 3 o O 3  130664 511.54 lo0000 13,887 513.91 
177.0 1.00 20000 3022827 1 5 0 v O O  13,664 511.54 le0000 14.159 516.88 
178.0 1000  2000, 3.22827 150.03 13.664 511054 1.0030 140169 515.88 
179.0 1.00 20000 3,22827 150.33 13,664 511.54 Ia O O O O  14.169 516.88 
18000  2.00 2000. 3.22827 150.30 13.664 511.54 1.0000 14,169 516.88 
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G E N E R A L  ELECTRIC COMP 
R t F  S Y S T E  VTDL E S T I M A T E  
















176 .0  
7 7 0 0  
17800 
1 7 9 . 0  
180.0 
63.16 47.3 
6 3 0 1 6  4783 
63.16 47.31 1844.7 
63.16 47 ,31  1844.7 
58006  61041 168807 
58006  41.41. 168807  
58.06 41.4% 1688.7 
58.06 41.41 168807  
63.82 
63882 
6 3 * 8 2  
63082  
58.53 
5 8 0 5 3  
58.53 













O e  
00 
0 .  
0. 























9 1 -  6 
91.6 









99 ,8  
WBGG 
0 ,  
O I  
0 




0 .  




0 .  
0 .  
0. 
Q o  
O m  
0. 
























G o  
0 .  
0. 
0 .  
0. 
00 
0 .  
0 .  
0, 
00 
0 .  
0 .  
0 .  
90 
0 .  
0. 
0 .  
0. 
0 .  
0. 
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GENERAL E L E C T R I C  COMPANY 
S L F  SYSTEM A VTOL E S T I M A T E  PERFORYAYCE 
C A S E  ETARLU P2LU P 2 2 L U  WOLU V 2 8 L U  V8LU W28LU W8LU T28LU T8LU 
161 .0  1.0000 13.887 1 3 0 7 7 9  629.95 6 5 4 .  6 5 5 ,  629.95 63.82 5 5 5 .  1 4 9 8 0  
162.0  1.0000 13.887 13,781. 625.58  6 5 7 .  648 .  625.58 63082  555.  1498 .  
163.3 I e Q O O O  1 3 0 8 8 7  113.787 6 9 9 0 9 7  6 6 5 ,  6690 609.97 63082  5560 1 4 9 9 0  
164 .0  100000 13.887 13 .794 5 9 0 9 0 8  6 7 5 0  6830 5 9 0 0 0 8  63082 557e 15000 
165.0 1 .0000  1 3 0 8 8 7  1 3 0 7 9 9  5 7 3 0 3 3  5 9 9 0  5620 5 7 3 0 3 3  58.53 5 4 8 0  13980 
166.0 1.0000 13.887 13 .801 569.33 601.  5 6 5 .  569.33 58.53 548.  1398.  
168.0 100000 1 3 0 8 8 7  13 .811  5 3 5 0 3 7  6160 587 .  536.07 58.53 5509 1 3 9 9 .  
167.0 100000 13.887 13,805 5 5 4 0 8 7  6090 575 .  554.87 58.53 5490 1398 .  
123 
C A S E  
1 6 5 0 0  
166.0 
167.0 
1 6 8 . 0  
69aO 





75 .0  
7 6 . 0  
17790 
1 7 8 . 0  
1 7 9 . 0  
180 .0  
GENERAL 
RLF SYSTEM A 





8 8 e O  
8 7 0 8  
8 ? , 6  
86.9 
16a3 
7 5 0 9  
75e6 
7 5 e 2  
6 3 a 1  
6 3 . 0  
62.7 
6 2 0 3  
98 .2  
97 .9  









3 0 a O O  
40.00 






3 0 . 0 0  
40.03 
0 ,  








2 6 6 5 .  




1 9 3 5 .  
2665 * 
4 5 2 6 .  
4 5 2 6 .  
4 5 2 6 .  
4526a 
ELECTRIC COMPANY 
VTOL E S T I M A T E  PERFDRYANCE 
FDGG 
3 0 5 .  
305. 
305 .  
305, 





2 3 5 ,  
23.5, 
2 3 5 ,  
5060 
506, 
5 0 6 .  
5 3 6 ,  
FOLU 
3305. 
3282 .  
3 2 0 0 ,  






2 5 6 3 ,  
2494 e 
2 4 0 8 .  




4 6 9 3 ,  
FGGG 
0. 
0 a  
0 .  
O e  
O a  








O a  
0. 
01 














6 7 2 2 .  
6 3 8 6 ,  
5134 ,  
4 3 0 6 ,  
4284. 
4130,  
3 3 8 5 ,  
Z 0971 a 
108699 
102950 
8 4 1 7 ,  
F 0 6 k S  E 
.1047m 
1028. 
9 6 5 .  
8 9 1 .  
879. 
864. 
8 1 3 .  
751. 














RXMOTE LIFT FAN SYSTEM A 
(Turbojet/l.25 Pressure Ratio Lift Units) 
Estimated Internal Cruise Performance 
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GENER4L E L E C T R I C  COMP4NIY 




























G E N E R A L  E L E C T R I C  CQMPANY 
R C F  SYSTEM A CRUISE E S T I M A T E D  PERFORMANCE 
C A S E  WOGG P E X G G  TEXGG WEXGG PCNFGG P C h l G G  W8GG V8GS T 8GG 
0. 1.0 66.53 67-25 0. 100.0 00 0 .  
2.0 66.93 5G.44 1865.6 67.65 0. 100.1 0. 0. ' 





3 .  
0. 
0 .  
0. 
0 .  
65.14 
6 2  e 6 4  
55.66 
4 8 . 3 3  
42  . 75 
51.49 1875.9 
4 5 . 1 2  1718.8 
37.94 1554.5 
3 1 - 0 8  1398.1 
24.64 1292.2 
68e89 0. 
6 3 . 1 7  0.  
55.99 0. 
48.47 0 .  










0 .  




0 .  
8.0 70018 70.97 0. 100.9 0. 0. 0 .  
73.11 
6 7 - 2 2  























7 3 . 9 5  0. 
6 7 - 8 2  0. 
60.10 0. 


































0. 0 .  
0. 0. 
0. 0 .  
0. 0 .  
20 e 0  56.33 41.60 1797.7 56.89 0. 98.3 0, 0 .  0. 
21.0 56.66 41.90 1801.4 57-23 0, 98 .'4 04 0 .  0. 
22.0 57.69 42-79 1812.2 58e28 0. 98.7  0. 04 0. 
23.0 59.42 44.32 L 8 3 0 e 2  63e04 0. 99,2 0. 0. a. 
61.91 46.51 1855.3 62.58 04 24.0 99.8 
25.0 65.21 65494 04 100.7 
53921 1927.0 26.0 69.39 101.8 
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G E N E R A L  ELECTRIC C O M P A N Y  
RLF S Y S T E M  A C R U I S E  E S T I M A T E D  PERFORMANCF 
C A S E  ETARLU PZLU P22LU WOLU V28LU V8LU W28LU W8LU T 2 8 L U  T8LU 
3.0 1 e O C O O  15.112 140993  683 .11  6360 7528 683.11 68.89 5 6 4 .  1528, 
4 e O  I l 8 O 6 O O  15.122 i 5 , 0 1 4  623.59  5 7 9 ,  6 5 1 .  623.59  63.17 5 5 6 0  1 4 3 2 .  
5.0 I*GCOO 15.112 15,038 547.82 507.  544 .  547.82 55099 547. 1341 .  
6013 1 . U C O Q  f 5 e 1 1 2  15 ,059  466.27 4300 4 4 3 ,  466.27 48.47 5390 1 2 5 5 .  
7 .0 1.OCOO L5ol3.2 15.070 415.95 382 .  372. 415.95 42.79 5 3 5 0  1184. 
569 .  1543 .  
9 e O  1.3COU 16.410 16 ,277 7 4 2 8 6 2  
f o e 0  1 eOGOO 16.410 16.296 693.05 
11.0 1.OCOO : b e 4 1 0  16 .316 632.97 
12.0 1.0COO 16.410 16 ,335  568.37 
1 3 e 9  1 e O C O O  16,410 16.346 526803  
7490 9 7 9 ,  7 4 2 0 6 2  73.95 
696.  8560 593.05 67882  
6 3 2 .  7 2 6 .  632.97 60,010 
5640 6 0 3 .  568.37 52.04 
518 .  5 1 6 .  5 2 6 . 0 3  45a9? 
1400  1.OCOC’ 17.434 117,293 782.48  8269 1134 .  782.48 7 7 0 9 1  
i5.a 1.0000 18.748 18.601 822.91 
16.0 1.0000 10.748 18.615 784,R9 
17,O 1 o . i J C O O  18.748 18 .631 738 .86  
18.0 1 e O C O Q  18.748 18.647 6 9 1 - 3 0  
19 .0  10.0000 18.748 18,656 659.88  
914 .  1319 .  822.91 82.94 
865 .  1180. 784.89  76.37 
806.  1 0 2 8 .  7 3 8 0 8 6  67.41 
7 4 7 .  885. 691.33  5 8 * 3 6  
7i)6e 7 8 2 .  659.98 51856 
2000  1 m O C O O  12.228 12 .131 56’5.54 501.  6 2 6 .  565.54 56.89 5400 1 4 6 1 0  
589, 6 3 0 .  5q3.49 57.24 541. 1463 .  
2200  1eOC00 12.573 12.475 577a78  6 2 5 ,  7388 577.73 58e28 5 4 4 ,  1 4 7 4 .  
673 .  8351 599e13  60e04 550.  1 4 8 8 .  
7360 9 5 0 .  628.24  6 2 6 5 8  
567. 1 5 3 6 ,  8 1 1 ,  4 ,  662.37 65.9 
26,O leOCOO 15,596 15.443 696.8‘1 898, 112961 696,8 
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GENERAL E L E C T R I C  COMPANY 
R L f  S Y S T E M  A C R U I S E  E S T I M P T E D  PERFORMANCE 
CASE PCAJFLU BETAB WF M FDGG FOLU FGGG F G L U  FNG 
31.0 1co.f) 0. 4700 . 3. 0. 0.  I3352 0 12952. 









0. 21 30 0 























5 1 4 2 .  
3154. 
2123 ,  







O m  4294. 




























0. 5770. 1337. I 3582 . 0. 223811 7462. 
2 5 s o  X03.b 
16.0 96.0 








L 7140 0 
163430 
15389. 
143' i9 .  
13744. 










20.0  98.2 O m  3820, 00 3 .  0 .  11090. 10757. 
2100 98a7 30 3853. 143 i. 1957, ' 0. 1l.390. 9105, 
22.0 98.5 0 .  3951 . 394. 3942 0. 12306. 7890. 
23.0 $993 '3. 41 13 * 608. 0, 13811. 7071 . 
24.0 iC0.4 0. 43 61 e 845. 8573, 0. 15910. 6492 a 
25.0 101.4 06 46 94 . :I130 112991 0. 6199, 
142 1 0 14263, 0. 21839. 6 1 5 4 ,  0, 
129 




3 0 - 0  






























6 1 m Q  
GENERAL E L E C T R I C  COMPANY 
R C F  S Y S T E M  A C R U I S E  E S T I M b T E D  PERFORMANCE 
PS 4t-T NO VOKNTS P O  TO ETARGG P Z G G  T 2  
1.00 20000. 0050000 319.30 10o106 483.01 1mCO00 ,110988 507.25 
1000 10000. 006OCOO 383.16 IOaI.06 483aO1 lo6000 12.890 517.91 
1.80 10000. Oo60000 383m16 19.106 483.01  1.0000 l 2 .890  517.91 
2.60 1OOOOe 0 0 6 0 0 0 0  383el.6 10 ,106  483.01 Lo0000 12,890 517.91 
3 0 4 0  10030. O060'300 383e16 10.106 483.01. 100000 120890 517.91 
4.03 100r30. 0 ~ 6 0 0 0 0  383.16 1 0 o 1 C 6  483.01 1 ,0000 f2e590 517.91 
l o 0 0  10030. 0o70090 447.02 1 0 e L C 6  483.01 1.0000 140018 530.51 
1000 200000 0 . 4 0 C O O  245.34 6 0 7 5 3  447m35 I00000 7 , 5 4 2  461.72 
1 0 8 0  20GOO. Oe40000 245.84 6 , 7 5 3  447.35 Le0300 7.542 461.72 
2.60 20000. 0 .40000 245,84  6 , 7 5 3  4 4 7 , 3 5  LeOOQO 7.542 461.72 
3.40 2OOO0o 3.40COO 245.84 6 0 7 5 3  447m35 I o O O Q O  7 , 5 4 2  461.72 
4.00 2000Oo Qo400130 245m84 6 0 7 5 3  447m35' 1mC000 7.542 461072  
1.03 200000 Om50000 307.30 6 , 7 5 3  447035  1 m O O 0 0  8,014 469.81 
1.00 200QOa 0s6OUOO 368076 6 .753  4 4 7 e 3 5  Le0000 80618  479069  
1.80 20090. Oe6OOO0 368m76 6 .753  4 4 7 s 3 5  
2 e 6 0  20000, Oe60000 368m76 6 , 7 5 3  447  
3m40 20000, Oe60OOO 368m76 6 , 7 5 3  4 4 1  
4.00 200000 Oe6OCO0 368m76 6.753 4 4 7 e 3 5  
l e 0 0  20030, O o 7 0 0 0 0  430.22 6 .753  447m35 e0000 9,372 491a37 
1 m 0 0  2OOOOo Os80000 49 m68 6.753 447.35 1mOOOO 0.299 504a84  
1.80 20Q0OO O o 8 0 0 0 0  49 058 6,753 447m35 1.0000 Os299 504m84 
2.60 2OOOOe 9,80000 49 ea68 6.753 447035  o 0 0 0 Q  10,299 504084  
3.43 200300 Os80000 49 e58 6 0 7 5 3  4 4 7 e 3 5  e0000 10 ,299  504084 
4eQP 200COa Oo8OOOO 491.68 6 , 7 5 3  447035  1eOOOO 10,299 504.84 
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GEN-ERAL E L E C T R I C  COYPANY 
RLF S Y S T E M  A C R U I S E  E S T I M A T E D  PERFDRMANCF 
C A S E  WOGG PEXGG TEXGG bdEXGG PCNFGG 
27.0 48.54  35.30 2747.8 
28.0 4 4 - 6 1  30.90 1599.7 
29.0 39.63 25.98 1447.3 
30.0 3 4 - 4 0  21.29 1302.2 
’31.0 30.42 k 8 a Z 8  1204.7 
32.0 50,011 36.56 1765.2 
33-0 52.10 38.39 1789.7 
34.0 47.88 33.60 1638.2 
35.0 4 2 - 5 4  2 8 e 2 4  1481.5 
36 .0  36.93 23.17 1334.2 
37.0 32.68 19.60 1221.7 
39 .0  58.40 43.92 1859.1 
~ 40.0 53.68 38.47 1702e5 
41.0 4 7 - 6 9  3 2 . 3 6  i 5 4 O . b  
42.0 41.40 26.49 1385.3 
4 3 - 0  3 6 - 6 6  22.33 1 2 6 5 e 5  
44.0 6 2 . 7 5  4 7 e 8 6  1905.8 
45.0 36.13 25.54 1658.9  
4 6 - 0  33.19 2 2 . 3 5  1517.9 
47.0 2 9 - 4 6  18.78 1374.0 
48.0 25.56 15.38 1235.4 
49.0 22.61 13.04 1132.7 
50.0  33.07 27e-56 1687.6 
51.0 40.52 2 9 e 2 3  1723.0 
52.0 37.22 25.59 1577.2 
5 3 . 0  3 3 - 0 5  21eSO 1427.0 
54.0 28968  1 7 e 6 3  1284.2 
55-0 25.38 14.85 1 1 7 2 e 3  





30 .42  
50.49 
52.62 
4 8 e 2 4  
42.75 
37 .00 
3 2 . 5 9  













40 ,89  
37.47 
3 3 a 1 9  
25e38  










0 e  
o w  








































8 6 . 3  
























8 3 - 9  
W 8 G G  
o w  
o w  
0. 
o w  
0. 
0 .  
0. 
O e  
0. 
0. 
o w  
0. 
0, 







O e  
0. 
O w  
0. 


















0 .  
o w  
0. 








o w  















0 .  
0. 
T 8GG 




o w  
o w  
ow 
O w  
0 .  
a, 












0 .  
0 .  
O e  
0. 
0. 
0 .  
0. 
0. 






G E N E R A L  ELECTRIC C O M P A N Y  
RLF S Y S T E M  A C R U I S E  E S T I M A T E D  PERFORMANCE 
C A S E  ETARLU P 2 L U  P22LU WOLU V28LU V8LU W28LU W8LU T25LU T8LU 
38.0 1.OCOQ 1 I e 9 e 8  11 .891 557.05 7 9 6 .  1091- 557.05 55.44 5 4 7 -  1 4 7 9 -  
39.0 1.0009 12.890 12 ,788  586.17 882 .  1271 .  586,17  59.33 5 5 8 .  1 5 1 3 .  
413.0 1 o O C Q O  12 ,890  2.20799 558.22  8 3 3 0  1 1 3 4 .  558.22  54022 5 5 0 -  1410. 
41-0 100COO I 2 0 8 9 0  12o8I.O 525e73  7770 9890 525073  47.96 5 4 2 -  1309- 
42.0 1 e O C 0 0  1 2 - 8 9 0  12.820 491e92 7 1 9 .  8520 491.92 41e52 5 3 3 ,  1 2 1 9 .  
43.0 100C00 1 2 - 8 9 0  12.827 469.71  6800 7530 469e.71 36.65 5280 1 1 4 6 0  
50.0 1eOOOO 8.0 4 7 , 9 4 9  3 8 6 , 4 9  765. 1046, 386.49 38.40 5 0 4 ,  1367. 
51.0 1.0COO 8.618 8.550 406065 8 4 7 ,  1219. 406.65 4 0 - 8 9  517.  1399 .  
5 2 o O  1,OCOO 806  a 8 ,557 3 8 7 ,  0 B R e  3 8 7 - 1 5  3 7 ,  
53,U 150C00 8.6 8 8.564 364 .  9 4 9 ,  364.40 3 3 ,  
e O C Q O  8 0 6  8 8 , 5 7 1  341.  5 28,72 49 
50COO 8a6  8 8 ,574 3 2 6 ,  a 25,38 4 8  
56eO 1,OCOO 9.372 9,298 438.36 9 3 2 ,  1375, 438.36 43.97 5 3 0 ,  1 4 3 3 ,  
13 2 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM A CRUISE E S T I M A T E D  PERFORMANCE 
C A S E  PCNFLU BETAB FGGG FGLU FNG WF M FOGG FDLU 
27.0 96.6 0. 
28.0 87.2 0, 
29.6 75.6 0, 
30.0 63.2 0. 
31.0 55.4 0, 
3 1 8 3 -  
2545  e 
1923  e 
1397 e 
l f 0 8 e  
325 .  
2 9 9 .  
2 6 6 .  
2 3 1 -  











10145 .  
8369.  
6 4 0 3 ;  
4520 .  
3554 .  
6500, 
5051, 
3 4 9 6 ,  
2 1 4 8 ,  
1452 .  
32.0 97.4 0. 3 3  19 a 5 0 3 .  5064.  0. 11392. 5 8 2 5 -  
3 3 - 0  98.5 0 .  
34.0 90-0 0 .  
35.0 79.5 0. 
36a0 68.2 0. 
37 -0  60.1 0. 
3 5  15 e 
28 10 . 
2121 .  
1543 .  
1186. 
6 9 8 .  
6 4 2 .  
5 7 0 .  
4 9 5 .  
430. 
7 0 8 1 .  
6 6 0 3 ,  
6027 .  
5418. 
5018.  




0 .  
13128, 
11264.  




4319 .  
2 6 3 6 -  
1427.  
735. 
38-0 s9.4 0. 37.80 . 9 1 9 .  9332 .  0. 1 5 3 5 5 ,  5 1 0 4 ,  
39.0 59.9 0, 
40.0 92.4 0. 
41.0 83.3 0. 
42  e 0  73.4 0, 
43.0 66.0 0. 
4 1  24 e 
3 2 9 7 ,  
2490 .  
1 3 6 3 ,  
1806 
1174 .  
1074 .  
9 5 9 ,  
8 3 2 .  











18027 .  









44.0 ' 101.4 0 .  4 5 6 8 .  1472.  0. 21437, 5146. 
45.0 94.6 0 .  
46.0 86.4 0 .  
4 7 0 0  7 5 - 3  0 ,  
40.0 65.3 0. 
49.0 57.8 0. 
2228. 
1781. 
1347 .  
1011 
8 0 3 .  
4 6 6 ,  
4 2 8 .  
3 8 0 ,  
3 3 0 ,  
2 9 2 .  
4728 e 







0 .  
0 ,  
8748 .  
7 4 9 6 ,  
5 1 4 5 .  
4879 e 




9 3 7 ,  
486 .  
5009 95.5 0. 6 1 4 ,  6231. 0. 13234.  3389. 
51.0 9 5 e 9  0 .  
5 2  - 3  E8.7 0. 
5 3 - 0  79.9 0 ,  
5400 70,s 0, 
55.0 63.4 0, 
7 8 4 .  
7 2 0 .  
640 . 
5 5 5 .  
4 9 1 .  
0. 
0 ,  
0 ,  
0, 
0 ,  
3 3 6 3 ,  
2 4 7 1 ,  
1 5 5 6 ,  
7 4 9  . 
259.  
26 13 . 
2 0 8 9 ,  
1 5 7 8 ,  
1155. 
56.0 97,3 0.  2090, 9 8 3 .  9 8 9 5 ,  00 14286 .  3409.  
32 38 a 
1 9 5 7 ,  
1 8 8 9 .  
2 5 8 7 ,  
14  17 a 
1218. 
l l I .9 .  
9 9 4 ,  
8 6 3 .  








1 5 7 4 .  
151. 




1 2 4 9 8 ,  
1589. 
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6 7 - 0  
68.0 
69.0 













8 3 e O  















P S  ALT HO UOKPJTS P O  TO E T d R G G  P2GG T 2  
4.873 424.92 
4.873 4 2 4 e 9 2  
4.873 424.92 
4 , 8 7 3  424.92 
4 , 5 7 3  424.92 
4.364 411.68 1eCOOO 
4.364 411.68 1.0000 
4.364 411 .68  l e 0 0 0 0  
4.364 4 1 b a 6 8  P e C O O O  
Pa68 1,0300 
SO0 30000-  Oe40000  235.85 
1.80 30000, Oo40000 235.85 
2m60 30000 .  3 e 4 0 6 0 0  235.85 
3.40 3OOOOe Oe40000 235,85 
4 e O O  30000+a 0 o 4 0 0 0 0  235.85 
l e 0 0  30000, 0 , 5 0 0 0 0  294.81 4 .364  411.68 1eCOOO 
l e 0 0  3 0 0 3 0 ,  0.60000 353.78 
1.80 30000, Oo60000 353.78 
2.60 30000.  0*5OOOO 353.78 
3.40 3 0 0 0 0 ,  O e 6 0 O O O  353.78 
4 - 0 0  30000. Oo60Qi)O 3 5 3 0 7 8  
5 , 5 4 8  441.45 
5 . 5 4 8  441.45 
5.568 441.45 
5.568 4 4 1 0 4 5  
5 ,568  444045  
4.364 411.68 1 o C O O O  
4.364 4111.68 1.0000 
4.364 414.68  1,0000 
e68  L a O O Q O  
4.364 411.68 feC000 
1.00 30000o 0o70000 4 1 2 e 7 4  4 , 3 6 4  411.68 1 e O 0 0 0  5 .056  452.20 
1.00 30000, 0,80000 471.70 
1.80 30090e O o 8 0 0 O O  471e70 
2.60 3oe00, 0.800oo 471.70 
3.41) 3OOOOe Oe801300 471.70 
+ a 0 0  30000 ,  Oe80000 471.70 
6.656 4 6 4 e 6 1  
6.656 464.61 
6 . 6 5 6  4 6 4 e 0 1  
6.656 464.61 
6 . 6 5 6  464.61 
4 , 3 6 4  411.68 1oCOOO 
4.364 411.68  1eUOQO 
4 , 3 6 4  411.68 Le0000 
4.364 411.68 leCO0O 
l e 6 8  LeCOOO 
4 ,364  421.68 lo0000 7.386 478.67 
71.00 3 6 0 8 9 ,  0 .40600 229.55 
l e 8 0  360890 Oe40000 229e55  
2.60 3 6 0 8 9 ,  0 .40000  229.55 
3.40 360890 Oe40000 229.55 
4eOC 3 6 0 8 9 ,  Oa40000 229a55 
3.665 402.50 




3 , 2 8 3  3 8 9 e 9 7  1e000Q 
3.283 389597  '150000 
e283 3 8 9 e 9 7  1,OOOQ 
3.283 389.97 la0000 
3 , 2 8 3  389.97 1.C000 
30893 409855  
1.00 36089 .  Oe60000 344533  
l a 8 0  3 6 0 8 9 ,  Oe6OOOO 344.33 
2.60 3 6 0 8 9 ,  Q o 6 0 Q 0 0  344033  
3 5 4 0  3 6 0 8 9 ,  Om60000 3 6 4 e 3 3  
4.00 3 6 0 8 9 ,  @,60Ci00 344a33 
3 , 2 8 3  3 8 9 e 9 7  b e C 8 0 0  
3 , 2 8 3  3 8 9 e 9 7  &oOOOO 
35283  389.97 1,0000 
283 3 8 9 m  
283 389 ,94  
4 , 5 5 3  428.35 1.00 3 6 0 8 9 ,  0,70000 40 3,283 3 8 9 - 9 3  
3.283 3 8 9 e 9 7  1,0000 
3.283 389097  h 
3,283 3 8 9 e 9 7  1 
3 , 2 8 3  3 8 9 e 9 7  1,0990 
3.283 389a97  I 
5,004 443 ,10  
5 5 0 3 4  440,  
5,OD4 440.LO 
5 - 0 0 4  440m10 
5,004 4 4 0 e 1 0  
h o Q 0  360899 0e80Q00 4 5 9 ,  
1.80 36089 .  0,80000 4 5 9 ,  
2.60 360395 Oe80000 4 5 9 ,  
3.40 3 6 0 8 9 ,  0,80COO 459,fO 
4 5 0 0  3 6 0 8 9 ,  0.80000 459e14) 
l * O Q  3 6 0 8 9 ,  O t 9 0 0 0 0  516.49 3 , 2 8 3  389097  1,0030 5.99553 4 5 3 , 4 2  
GENERAL ELECTRIC COMPANY 
RLF SYSTEM A CRUISE E S T I M A T E D  PERFORMANCE 
C A S E  WOGG P E X G G  T E X G G  EXGG P C N F G G  
7 9 - 0  3 4 - 7 3  2 5 - 0 4  1720.8 
85.0 19.72 1 3 - 0 7  1 4 7 4 - 5  




































e ,  
PCNGG 
900  5 
8609  
8 3 0 3  
7 9 e 7  
7 6 0 9  
91.3 
9 2 0 3  
8806  
8 4 0 9  
81.2 
7 8 0 4  
9 3 - 4  
94.6 
90-9  
87 .1  
8 3 - 3  
8005  
9 6 - 1  
88.1 
8 4 - 6  
81.0 
7 7 - 5  
7 4  *I9 
8 8 0 9  
8 9 , a  
8 b u 2  
82.6 
79.0 
76 .3  
90.9 
92.1 
8 8 0 4  
84.7 
7 8 . 3  

























0 .  
0. 
00 














0 9 .  
00 










o m  
0. 






















Q o  
Q o  
00 
00 
0 .  




0 .  
00 




Q a  
00 
O e  
00 
0 ,  
00 








0 .  






GENERAL ELECTRIC COMPAtVY 
RLF SYSTEM A C R U I S E  E S T I M b T E D  PERFORMANCE 
CASE ETARLU P2LU P22LU W O t U  V28LU V8LU W28LU W8LU T28LU T8LU 
o 0 C O O  4.873 4 0 8 3 4  246.44  6 6 4 ,  861.  246.44  24.43 458.  1234. 
6300  1 o O C O 0  4.873 40840  229.29 6150 7 5 3 1  229.29 22.37 451 .  1155 .  
6400  l a 0 0 0 0  40873 4 e 8 4  2 0 9 0 2 9  558, 6355 209929  1 9 0 7 9  444..  108Oe 
o O G O 0  4.873 4085  187.87 4 9 8 ,  5 3 1 ,  187.87 27.12 437 .  1010, 
66.0 f.0000 4.873 4.854 1 7 4 0 5 4  4 5 9 0  455 .  174.54 150:O 4 3 3 0  9500 
6700 1oOCOO 5.277 5.136 259096  7330 9990 259.96 25.75 466.  1256 .  
5.568 5.524 273.65 811. 1165. 273.65 2 7 - 4 3  476. 1285.  
5 . 5 4 8  5,529 260.25 766 .  1 0 3 9 .  260.25 25.12 469 .  1 1 9 8 .  
5 0 5 6 8  5.533 245.08 7140 907. 245008  22.23 4 6 1 .  1115. 
5.568 5 . 6 3 8  229.51 6629 782. 2 2 9 0 5 1  19.23 454.  1040 .  
5.568 5.541 219.38  6 2 6 .  6 9 2 .  2 9 .38  16.97 4 5 0 0  977 .  
73.0 1.0000 6.056 6.008 295.09 893.  1315 .  295.09 2Q051  4 8 7 ,  13174 
74.0 1eGC00 




6.656 6.603 320.23 979 ,  1473 .  320023 32.32 5Q10 1 3 5 4 0  
6.656 6,607 309.73 9370 1336 .  3 0 9 . 7 3  29.33 4930 1 2 5 8 .  
4.656 6.611 297.61  889.  1191 .  297.61 2 5 . 9 6  4 8 5 .  1166 .  
6 .656 6.615 285.81 8430 1 0 5 5 .  2 8 5 0 8 1  22.46 4 7 8 ,  1 0 8 5 ,  
6.656 6,617 278962  8120 9570 278.62 19 .84  474. 1018 .  
7 0 3 8 6  7.327 350.94 1 0 1 6 ,  1 6 3 2 ,  350.94 3 5 0 0 4  516.  1 3 9 6 ,  
80.0 1.ocoo 
8100 1.0coo 
82.0 1 o o c o o  
83.0 1.0000 






4 3 3 .  1 1 6 8 .  
4 2 7 .  1094 .  
420. PO240 
414, 958.  
410. 902.  
3.636 189.92 
3.640 1 7 6 0 6 6  
3.644 161.06  
3 0 6 4 8  1 4 4 0 6 2  
6450 8 3 4 0  1189.92 18 .81  
5970 7300 176.66  17 .21  
541. 620.  




4 . 1 8 6  
4 . 5 5 3  
4,964 247.27 
4 ,967 2 3 8 . 9 7  
4,970 229.70 
4.973 220053 
4,975 215 .04  
300 247027  2 4 s 6 9  
24, 220853  17.27 
4486 9654 
97.0 I a O C O O  
13 6 
5 , 5 5 3  5,509 272.09 





















8 5 . 0  
81.0 














GENfRBL E L E C T R I C  COMPANY 
RLF SYSTEM A C R U I S E  ESTIMATED PERFORMANCE 




6 2 0 3  

















6 0 , 3  
5 3 8 5  







































Q e  







5 ,  
0, 
0, 
W F M  
1362 e 
1087 0 









































5 0 5 -  
464 e 
411. 
3 5 7 0  
315, 
6340 
7 8 6 0  
771- 
640 e 
5 5 5 .  
4910 
9670 










236 ,  
4 7 5 ,  


































0 .  
00 
0. 
O m  






0 .  
00 






Q o  
0, 
0 ,  
0. 




0 ,  
0. 
00 
0 ,  
































3 8 0 6 %  
3403, 






9 8 8 2 ,  
PRAL E L E C T R I C  CDMPANY 
RILF SYSTEM A C R U I S E  E S T I M b T E D  P E R F O R M A N C E  
C A S E  PS ALT M O  VOKMTS 
98.0 l e 0 0  40Q00* 0,60000 344.33 
l O P s Q  Is00 40000e 0090000 5 
107.0 1.00 2 5 8 0 0 0  0 , 7 5 0 0 0  451e68 
108,O 1.80 25000.  0 .75000 451.68 
1 0 9 0 0  2 . 6 0  2500Qe 0075000 451.68 
11090 3 0 4 0  25000 .  O o 7 5 O O O  451.68 
1 1 X o O  4 0 0 0  25000e Om75000 451.68 
1 1 2 0 0  1.00 3OOOOo 0 . 7 5 0 0 0  442.22 
113.0 1 .80  300000 Os75000 442.22 
1 1 4 0 0  2.60 3OOOOo 0 0 7 5 0 0 0  442.22 
115.0  3 0 4 0  30000. 0 .75000  442.22 
1 1 6 0 0  4.00 3OOOOo O e 7 5 O O O  442.22 
117.0  X.00 36089 ,  0e75000 43Oe4 
28.0 1080 36089.  007500O 4 3 0 0 4  
1900  2.60 360890 0 .75000  430.4 
12000 3940 36089.  0 ,75000 430.4 
121.0 4.00 36089 .  0,75000 430.4 
PO TO ETARGG 
2 . 7 2 0  389.97 1eOOOO 
2.720 389.97 1,0000 
2 0 7 2 0  389.97 le0000 
6 , 7 5 3  447035  1.0000 
6 0 7 5 3  447035  1 e C O O O  
6.753 447935  1.0000 
6 , 7 5 3  447935  l e 0 0 0 0  
6 .753 447.35 LoCOOO 
5 0 4 5 4  429.52 1.0000 
5 .454  429.52 1oCOOO 
5.454 429.52 100000  
5 0 4 5 4  429.52 I n 0 0 0 0  
5.454 4 2 9 . 5 2  100000 
4 ,364  411.68 1eC000 
4.364 411.68 1eOOOO 
4 . 3 6 4  411.68 1.OOOO 
4 ,364  411.68 1 m C O O O  
4 , 3 6 4  411 ,68  1.0000 
3 ,283 339997 lo03300 
3 ,283  3 0 9 - 9 7  
3 ,283  389,9'1 
3 ,283  389,97  
3 ,283  389a97 
P2GG T2 
3.773 4 2 8 e 3 5  
4 0 6 0 1  453.42 
9 ,812 497.88 








7 . 9 2 5  478aC4 
6.341 458 .20  
6 ,341 458.20  
6.34'3. 4 5 8 0 2 0  
6.341 458.20 
6 0 3 4 1  458020  
4 ,767 4340C3 
4,767 434a03  
4 , 7 6 7  434eC3 
4,767.434.03 
~ ~ ~ 6 ?  4 3 4 0 0 3  
13 8 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM A CRUISE E S T I M l T E D  P E R F O R M A N C E  
C A S E  WOGG PEXGG TEXGG H E X G G  P C N F G G  P C M G G  W8GG V8GG T8CG 
1 7 0 4 6  00 8 9 . 8  00 00 00 98.0 1 7 - 3 5  11065 150708 
99 .o 58066 12-69  1544.3 18.78 00 00. 00 
100.0 23639 D O  92.1 0. 0. 00 
10160 22.15 15053 1634.6 93.5 00 00 00 00 
4 5 . 7 5  
4 1 . 9 3  
37.14 
3 2 0 1 4  
28  040 
00 
00 
0 .  
0. 
00 
9800  00 
9 4 . 1  0. 
90.1 G o  
8 6 0 2  0, 


















8 8 0 3  0. 
8 4 0 5  ' 0 .  






30.46 21.45 164709 
27096  18.76 150704 
24.81 15.76 136406 
21.51 12.90 1 2 2 6 . 8  












8 7 0 8  00 
8 4 : 2  0. 
8 0 . 5  04 
7 7 0 8  00 
13 9 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM C R U I S E  E S T I M A T E D  PERFORMANCE 
C A S E  E T A R L U  P2l.U P22LU OLU V28Lu V8LU W28LU W8LU T 2 8 t U  T8LU 
98.0 1 o O G O O  3.469 3.442 174.88 7 8 8 .  1130 .  174.88  17.46 4 5 0 .  12190 
. U C O O  3.773 3.743 8 8 . 6 0  867.  1276 .  188.68 18e78  4610 ,12490 
101.0  1 . O C O O  4 .601 4,565 224.61 9 8 9 .  1 5 8 6 0  224.65  22.33 4880 13240 
ZQ2.0 1.OCOO 9.8112 9,735 454.13 9770 1463. 4 5 4 0 1 3  45e75  5 3 7 .  14540 
103.0  180CO0 9 ,812 9.741 437.93 933 .  1323. 437.93 41.93 529 .  13510 
104.0 1 , O C U O  9.832 9.748 418.96 882. 1173 .  418.96 37.14 520 .  1252 .  
105.0 1 o O C O O  9.8112 9.754 400.17 8 3 2 .  1033. 400.17 32.14 513 ,  1165, 
1O60Q 1 o O C O O  9,812 9.757 388.49 7998 933. 388.49 28.40 508 .  1 0 9 4 0  
107.0 1eOCOO 7.925 7.863 374.15 9570  1431 .  374.15 37.64 515.  13950 
108.0 1oOCOO 7.925 7 , 8 6 8  3 6 0 0 7 1  913 .  1 2 9 4 .  360.71 34.49 508.  1297 .  
2 0 9 o O  1 o O C O O  7.925 '7.873 345.22 864.  1148. 345.22 30.54 5 0 0 .  1202 .  
t l O o O  1 o O C O O  7.925 7.878 329.81 815.  1 0 1 2 .  329.81 26e42 4 9 2 .  1119. 
1 L l e O  1oOCOO 7.925 7.881 320.10 782 .  913.  320.10 23.35 487 .  1050 .  
112.0 1 o O G O O  6.341 6 , 2 9 1  305.75 936 .  1 3 9 9 .  3 0 5 0 7 5  30.71 4940 1 3 3 6 .  
113.0 T.QCOO 6.341 6.295 294.60 8 9 3 .  1 2 6 4 .  294.60 28.12 486 .  1 2 4 2 .  
134eO 1 e O C O O  6.341 6.299 281.98 8 4 5 .  1 1 2 2 .  281.98 24.89 4790 1152 .  
115.0 1.0GOO 6 0 3 4 1  6.303 269.36 7970 989, 269.36 21.53 471.  1072 .  
1 1 6 o O  1 e O C O O  6.341 6,306 261.53 7 6 5 .  893.  261.53 19.02 467 .  lOC7e 
111.0 1,OCOO 4.767 4,730 236.04 910s  1357. 236.04 23.65 467.  1264 .  
118.0 1oOC00 4 ,767 40733  227.31 8680 3227.  227.31 21.65 461.  1177 .  
1 1 9 s O  1.OgOQ 4.767 4.736 217.58 821.  1090 .  217.58 19.15 4 5 3 0  1092 .  
120.0 l o 0 0 0 0  40767  4.739 207.84 7 7 4 0  960.  207.84 16.56 4 4 7 .  1016 .  
121 .0  1 . O C O O  4.767 4.740 201.83 7 4 4 ,  8 6 7 ,  20 4061 4420 9 5 5 .  
140 
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1344. 
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REMOTE LIFT FAN SYSTEM A 
(Turbojet/l.25 Pressure Ratio Lift Units) 
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REMOTE LIFT FAN SYSTEM C 
(Turbofan / l . 25  P r e s s u r e  R a t i o  L i 2 t  U n i t s )  







5 , o  
6.0 






23 .0  
1 4 0 0  
1 5 0 0  






2 2 0 0  







RLF S Y S T E  
PS 



























5 0 0 0  
ALT 
O m  0. 
























0. o m  
0, 0. 
0, 0, 
GENERAL E L E C T R I C  C O ~ ~ A ~ ~  
C VTOL EST1 A ? E D  PERFORMANCE 
PO T O  ETARGG PZGG T 2  
0, 






o m  










O m  
0. 
0. 
5 .  
0. 
0. 
0 ,  
O m  
0. 





4.696 518.67 4.696 519.67 
4.696 518.67 4,696 518.67 
14.696 518.67 1.0000 140696 518.67 
14.696 518,67 1.0000 14.696 518.67 
4.696 518m67 1 o Q O O O  4.696 510.67 
4.696 518.67 1 o Q O O O  14.696 518.67 
4,696 518067 1.0000 14,696 510.67 
40696 518.67 100000 14,696 5118.67 
40696 53.8867 1mOOOO 4.696 518.67 
4,696 518057 Po0000 4,696 518067 
4.696 518067 .0000 140636 5 
4,696 518067 00000 X4e696 5 
114,696 518.67 2.0000 14,696 418067 
14.696 518.67 1mOOQO 14,696 518.67 
14,696 518e67 1 o O O O D  14,696 518.67 




G E N E R A L  E L E C T R I C  COMPANY 
RLF S Y S T E M  C VTOL E S T I M A T E D  P E R F O R M A N C E  
C A S E  WOGG PEXGG T E X G G  WEXGG PCNFGG P C N G G  W8GG V86G T8GG 
1.0 95.15 53.46 796.4 62e07 100.0 123 .9  33.55 6 6 3 . 3 .  1588 .  
2.0 95015 53446 795.4 62.07 1OOsO 123.9 3 3 0 5 5  663.3 1 5 8 8 .  
3.0 9 5 - 1 5  5 3 0 4 6  796 .4  62.37 100.0 123.9  33055 663.3 1 5 8 8 .  
4.0 95015  53046 796 .4  6 2 . 0 7  100.0 123.9 33.55 663.3 1588.  
5.0 87.41 48.64 768.1 57.12 95.0 129.8 30.66 587.6 1532 .  
6.0 87 .41  48.64 768.1 57.12 95.0 1 2 0 . 8  30.66 587.6 1 5 3 2 .  
7.Q 87.41 48.64 768.1 5 7 0 1 2  95.0  120.8 30.66 587.6 1532 .  
8.0 87.41. 48.64 7 6 8 9 1  57.12 9500 120.8 30.66 587.6 1 5 3 2 .  
9.0 77.12 42.11 733sO 5 3 - 6 8  90.0 117.1 26.71 497.2 1484 .  
10.0 77.12 42.11 7 3 3 9 0  50468 90.0 117.1  26.71 497.2 I 4 8 4 0  
11.0 77.12 42.11 733.0 50.68 90.0 117.1 26 .71 ’  497.2 1484 .  
l2.0 77.12 42e11  733eO 50.68 90.0 117.1 26.71 497.2 14840 
13.0 68.52 36.73 702.1 45.34 85.0 113.7 23.38 425.0 1447. 
14.0 6 8 . 5 2  36.73 702.1 45034 85.0 113.7 23.38 42593  1 4 4 7 .  
15.0 6 8 . 5 2  36.73 732.1 4 5 0 3 4  85.0 11307  23.38 425.0 1447. 
16.0 68.52 36.73 702.1 45 .34  85.0 113.7 23.38 42503  11447, 
i17.0 61.18 32.45 675.7 40.61 80.0 110 .4  20063  368.3 1 4 1 7 0  
18.0 5L.18 32.45 675.7 40.67 80.0 110.4  20.63 368.0 1 4 1 7 .  
19.0 61.18 32.45 675.7 40.67 80.0  110 .4  20.63 368.3 1 4 1 7 ,  
2O.O 61.18 32.45 675.7 40.67 80.0 110.4 20.63 368-0 14170 
21.0 55.61 29.23 653.6 37.22 75.0 107.4$ 18.47 324.9 13940 
22.9 55.61 29.23 65346  37.22 75.0 1 0 7 0 4  18.47 324.9 1 3 9 4 ,  
23.0 55.61 29.23 653.6 37.22 7 5 0 0  107 .4  18.47 3 2 4 * 9  13940 
24.0 5 5 4 6 1  29.23  653.6 37.22 75.0 107 .4  8.47 324.9 1394 .  
147 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM C MATED P E R F 9 4  
SE ETARLU PZLU P 2 2 L U  DLU V28LU V8LU 2 8 L U  W8LU 728LU T8LU 
5 8 0  6 3 5 e 9 6  4 0 4 ,  6440 635.96 63007 5 5 9 ;  
.OOOO 14.696 632.35 6 0 7 0  6490 632.35 6 3 0 0 7  5598 
3 0 0  1eOOOO 1 4 0 6 9 6  14 ,586 6Z9o25 6 
4 0 0  100000 1 4 0 6 9 6  1 4 , 5 9 3  6 0 2 0 3 1  6 
,0000 1 4 1 4 9 6  4 0 6 5 6  385.01 362.  36  
eo080 14,696 4,656 382,52  363.  37 
4,658 3 7 3 e 7 6  368 ,  3 7 7 ,  
4,680 362.83 3 7 3 ,  3850 
3 3 2 ,  339.  




2 0 0  
3 . 0  
4 .0  
5 0 0  
6 . 0  
700 
8.0 





1 4 0 0  
1 5 0 0  





21  e 0  
2 2 0 0  
2 3 . 0  
2 4 . 0  
25.0 
2 6 . 0  
27 .0  
28eO 
GErJERAL 







9 4 0 0  
9 3 - 3  
9 2 . 7  
8 4 0 1  
84.0 
8 3 - 5  
82.9 
7406 
7 4 0 3  
7 3 . 8  
7 3 0 4  
6 6 . 5  
6 6 . 5  
66.1 








5 4 . 2  
HF H 
6 2  32 
6 2  32 
6 2  32 e 
6 2  32 a 
5583, 
5 5 8 3 .  
5583. 
4 6 8 7 .  
46 87.  
5 5 8 3 .  
46  87 0 
46  87. 
3 9 5 4 0  
3 9 5 4 .  
3 9  54 
3 9 5 4 .  
3 4 4 6 .  
3 4 4 6  . 
3446  e 
3 0 1 0 ,  
3 4 4 6  0 
30 10 0 
30 10 a 
30  10 . 
2561 a 
2 5 6 1  
25619 
2 5 6 1  c 
E L E C T R I C  COMPANY 





0 .  
0 -  
00 












0 .  
O e  
0 .  
3 e  
0. 
0, 


























0 .  
0. 
O e  
0. 
0 .  




6 6 7 .  




5 4 1 0  
541. 
3980 
3 9 8 0  
398 .  
398. 
2 9 8 .  





2 2 8 0  




1 8 0 ,  
1429 
1 4 2 ,  
142.  
FDBASE 
9 1 7 .  
9 0 3 0  
8540 
7 9 5 0  
817 .  
762 ,  
8 0 5 0  
7100 





500 ,  
4 7 4 ,  
4 4 4  0 
405. 
3 9 9 0  
3 7 9 0  
3 5 5 .  
332. 
3 2 f o  
3110 
2 9 2 0  
2 7 1 0  
2670 
2 5 4 .  
2 3 9 ,  
149 
SLF S Y S T E M  
C A S E  PS ALT 0 V3KRITS PO TO ETARGG PZGG T 2  
w 33.0 
34.0 

















2 . 0 0  
3.00 
3 . 0 0  
3.00 









0. 0.07557 50.00 .OOOO 140755 519.26 
O e  0.07557 5 O o O O  8.67 f o O O 0 D  14,755 519.26 
0. 0.07557 5 0 e O O  14.696 513.67 1,0000 14.755 519.24 
O o  0,07557 S O A D  14.696 518.67 110000 14,755 519e26 
O e  3.07557 5 O o O O  0000 140755 519.26 
00 0107557  5 0 e O O  0000 14.455 519.26 
O m  0007557 50.00 4.696 518.67 l a O O q 0  14.755 519.26 
0 e  0,07557 50.00 4.696 518067 1.0000 24.755 5 1 9 0 2 6  
0. 0,07557 50.00 4.696 5l8,67 180000 1 4 . 7 5 5  519026 
O e  3,07557 50.00 4.696 518.67 100000 14.755 519.26 
00 3 ,07557  5 0 0 0 0  4,696 518.67 lo0000 140755 519e26 
0 .  Ooo7557 50.00 4.6~6 518.67 l e0000  14.755 519.26 
0 ,  OffiO7557 50.00  4,696 518.6 e755 519ffi26 
e755 519.26 
0 ,  0,07557 5 0 e O D  
0. 0,07557 5 0 , O O  
150 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM C VTQL E S T I M A T E D  PERFORMANCE 
C A S E  WOGG PEXGG TEXGG WEXGG PCNFGG PCNGG H8GG V8GS T 8GG 
95.48 53 ,68  797.3 62.30 100.1 1 2 3 0 9  3 3 0 6 4  
9 5 0 4 8  5 3 0 6 8  797.3  52.30 100.1 123.9 33.64 
9 5 0 4 8  53068  797.3  6 2 0 3 0  10001 123.9 33.64 
9 5 - 4 8  5 3 0 6 8  7 9 7 0 3  6 2 0 3 0  10001 123.9 3 3 0 6 4  
666.3 
6 6 6 0 3  
666.3 
6 6 6 0 3  
15880  
15880 
1 5 8 8 .  
15880 
5 8 8 0 5  
5a8.5 




7 7 0 3 8  
77.38 
42.28 
4 2 0 2 8  
42028  
42.28 
733 .9  
733.9 
733 .9  
733.9 
50.86 90.1 
5 0 0 8 6  9 0 0 1  
5 0 0 8 6  9O.l 
50086 90.1 
2 6 0 7 9  
26079 
2 6 . 7 9 ,  
26.79 
1 4 a e .  
114840 
1 4 8 4 0  
1 4 8 4 .  
7 0 2  *9 
702.9 
702.9 
702 0 9  
45.50 8 5 0 1  
4 5 0 5 0  8 5 0 1  
4 5 . 5 0  8 5 0 1  
45.50 8 5 0 1  
14460 
1 4 4 6 ,  
1 4 4 6 .  
1 4 4 6 .  
68.76 
68076  
6 8  0 7 6  
6 8 0 7 6  
36087  
36.87 
3 6 s  87 
36.87 
4 5 0 0  
4600 
47.0 
4 8 0 0  
320 5 8  
32058  
3 2 0  58  
32.50 
676.5 
6 7 6 0 5  
6 7 6 0 5  
676.5 
4 0 0 8 2  8 Q a 1  
4 0 0 8 2  80.1 
40.82 80.1 
40.82 8 0 0 1  
1 1 0 0 4  





2 0 0 7 0  
20070 






1 4 1 6 .  
1 4 1 6 .  
49.0 
5 0 0 0  
51.0 
52.0 
55 0 8 0  
55080  
55.80 
55 8 0  
3 7 0 3 6  75.0 
37036 75.0 
3 7 0 3 6  75.0 
37.36 75.0 
18.53 













26 .55  
2 6 . 5 5  
3 4 - 1 8  70.0 
3 4 0 1 8  7000 
34m18 70mO 
34a18  7OeO 
1 3 6 9 .  
1369. 
'1369. 
1 3 6 9 ,  








AL ELECTRIC COMPANY 
RLF SYSTEM C VTOL E S T I M A T E D  P € ~ F O R M ~ N C E  
CASE ETARLU PZCU P22LU OLU VZ8LU 
32.0 1,0009 14 
37.0 1.0000 40674 536.93 5 3 0 0  
38 .0  1,0000 14.755 1 4 , 6 7 6  5 3 3 . 2 0  532. 
39.4 1.0000 4.680 520.03 539. 
40.0 1.1)OQO 4,685 503.34 5470 
49.0 1.0000 
52.0 Lo0000 720 357.34 398. 
V8LU WZBLU W8LU T28LU T8LU 
646, 635.82 63e30 5 6 0 ;  15080 
. 8 5  63.30 5 5 0 ,  1508, 
e 3 0  6 3 . 3 0  561, 15090 
677. 598.57 6 3 , 3 0  562. 1 5  
5970 600.89 58025 5 5 6 ,  15048 
599, 596.95 5 8 . 2 5  5 5 6 .  1504, 
9. 582.97 58.25 557.  1505. 
623. 544095  5 8 . 2 5  558. 1506. 
461, 472.60 46 .18  542, 1456. 
6 4 4 0 x 8  542 .  1456 .  
472 .  457.39 4bnl .8  543.  




3 1 . 0  
32 e 0  
33.0 
34.0 





















5 6 e O  
GENERAL 
RLF SYSTEM C 
PGNFLU 
9 7 e 5  
97.4 
9687 
9 5 e 9  
92.1 
91.9 























O e  











0 .  
15.00 
30.00 
40 e 00  
0 .  
15.00 
30.00 
4 0 e O O  
0, 
1 5 , O O  
30eOO 
4 0 e O O  
0. 
15m09 
3 0 s o o  
40.00 
WF lul 
6 2 5 2 .  
6 2  52 e 
6 2 5 2 .  
6 2  52 . 
5600  e 
5 6 0 0 .  
5600 e 
5 6 0 0 .  
4 7 0 1 .  
4 7 0 1  e 
4 7 0 1 .  
4 7 0 1  * 
3 9 6 5 .  
3965 .  
3 9 6 5 ,  
3965 
34  56 . 
3 4 5 6 .  
3456 
3 4 5 6 .  
3O21 e 
30216 
3 0 2 1  s 
3 0 2 1 s  
25 75  e 
2 5 7 5 .  
2575 v 
2 5 7 5 ,  
E L E C T R I C  COMPANY 
VTOL ESTIMATED PERFDRMANCE 
FDGG 
2 5 1 .  
2 5 1 .  
251 .  
2 5 1 .  
2 3 0 ,  
2 3 0 .  
230. 
2 3 0 .  
203.  
20 3. 
2 0 3 .  
2 0 3 -  
281.  
1 8 1 .  
1 8 1 .  
1 8 1 .  
1 6 1 .  
1 6 1 .  
1 6 1 .  
1 6 1 .  
1147. 
1 4 7 .  
1470 
1476 
1 3 3 .  
1 3 3 s  
133. 






1 5 7 6 ,  
1566 .  
1529 .  
1482 .  
1409 .  
1399. 
1364.  





1 1 0 6 ,  
1 0 9 8 ,  
10710 
1336.  
1 O O l . s  
9 9 4 ,  
9 6 9 ,  
9 3 7 ,  




f G G G  
6 7 3 .  
6736 
6 7 3 .  
6 7 3 .  
543. 
543.  
5 4 3 .  
543.  
401. 













181 .  
181s 
143.  
4 3 .  
43 .  
4 3 ,  
11931s  
11533 .  
9507. 
1 0 6 4 9 ,  
10607  0 






6604 .  
6 5 6 9 ,  
13319. 
5 1 7 1 ,  
5258 .  
5228.  
5018. 
4 1 0 0 ,  
4 2 8 0 ,  
4 2 5 5 ,  
4 0 8 1 ,  
3331 .  
3 4 4 1  . 
3426, 
3279 .  
2671 
FGLU FDBASE 




8 7 8 ,  
864.  
516.  
7 5 9 .  
710. 
699 .  
6 6 1  0 






448 .  






313 .  
309, 
2930 

























G E N E R d L  ELECTRIC COMPANY 
R L f  SYSTEM C VTOL E S T I M A T E D  ~ E R ~ ~ R M A ~ C E  
PS 











3 . 0 0  





5 - 0 0  
5.00 
i o 0 0  
1-00 
1 .oo 
r e o 0  
5 0 0 0  
ACT MO VOKMTS PO TO ETARGG P2GG T2 
0000 14,932 521.05 
0000 14.932 521.05 
4 1 O O . O O  14 .6  OOOO 14,932 5 2 1 - 0 5  
4 100.00 14.6 0000 14.932 521005 
14 i O O m 0 0  14.696 5 8.67 loOOOO 4,932 521.05 
14 i O O , O O  14,696 5 8 - 6 7  1.OOOO 4,932 521.05 
00 0-15114 l O O e 0 0  14,696 518.67 4,932 5 2 1 0 0 5  
0, 0,15114 LO0000 4,696 518.67 1.0000 94,932 521.05 
0.  0.15114 1 O O e O O  14,696 518.67 1 0 t ) O O O  14,932 521*05 
0. 0 . 1 5 5 1 4  100000 8 . 6 7  3100000 4,932 521m05 
00 0.15114 1 O O o O O  8 - 4 7  l.0030 4 - 9 3 2  521.Q5 
0, 0-15114 100-00 4.496 518.67 1mOOOO 4 , 9 3 2  521.05 
5114 100,OO 4.696 518 .67  1.000~ 14,932 521.05 
5114 f00e00 4.696 518.67 1.0000 14.932 521.05 
5114 100.00 4.695 510-67 4,932 521.05  
5114 ~00.~0 4,696 518m67 4,932 521.05 
0, 0,22670 150*00 5,232 524.02  
0 ,  0.22670 153.00 5.232 524.02 
01 0.22670 1 5 O o O O  4,696 518-67 1mOOO0 15,232 524.02 
0 ,  0,22670 150 8667 1 * ~ 0 3 0  5,232 524602 
154 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM C VTOL E S T I M A T E 0  PERFORMANCE 
C A S E  WBGG P E X G G  TEXGG WEXGG PCNFGG PCNGG W8GG V8GG T 8 G G  
65.0 78.18 42.79 736.3 51.42 90e2  117.2 27.04 50108 1 4 8 1 .  
66.0 78.18 42.79 736.3 5 1 0 4 2  90.2 117.2 27.04 581.8 1 4 8 1 0  
6700 78.18 42.79 7 3 6 0 3  51.42 90.2 1 1 7 0 2  2 7 . 0 4 '  5Ol..8 1 4 8 1 .  
68.0 78018  42079  736.3 51.42 90.2 1 1 7 0 2  27.04 5 0 1 0 8  14818 
69.0 69.47 37e32 705.3 45.99 8502  113.8 23066  429.2 1 4 4 2 .  
70eO 69.47 3 7 0 3 2  705.3 45.99 8 5 0 2  113.8 23066 4 2 9 0 2  14424 
7100 69047  37.32 705.3 45099 85.2 113.8 23.66 429e2 1442 .  
728.0 69047  3 7 0 3 2  7 0 5 0 3  45.99 8502 1 1 3 8 8  23066  429.2 1442. 
73.0 62.03 3 2 0 9 8  678.8 4 1 0 2 6  80.2 110.5 20.89 370.8 1 4 1 2 .  
74.0 6 2 0 0 3  3 2 0 9 8  678.8 41.26 8002  1 1 0 0 5  20089 370.8 1412 .  
75.0 SZ.03 32.98 678.8 41.26 8 0 0 2  110.5 20.89 370.8 1 4 1 2 ,  
76.0 6 2 . 0 3  32.98 678.8 41.26 80.2 119.5 20.89 370.8 1 4 1 2 .  
77 .0  98 .11  55.41 8 0 4 0 5  54.12 100.5 1 2 4 . 2 ,  34.47 b78.9 1 5 8 4 .  
78.0 98.11 55.41 804.5 64.12 100.5 124.2 34e47 678.9 1584 .  
80.0 98.11 5 ! j e 4 1  804.5 64.12 100.5 124.2 34,67 678.9 1 5 8 4 ,  
79.0 9 8 0 1 1  55041  80485 64112  10095 124.2 34947 678.9 1 5 8 4 .  
155 
GENERAL ELECTRIC CO 
RLF S Y S T E M  C V T O h  ESTIMATED PERFORMANCE 
CASE ETARLU PZLU P22LlJ OLU V28LU 
4 0 9 3 2  14.824 6 1 8 0 2 7  6 6 9 .  
6000 Le0000 14.932 1 4 , 8 3 2  598.08 6780 
61.0 1 .OCOO 14.932 14.830 6 0 3 0 6 9  6 2 4 ,  
62.0 le0000 14,932 4.831 599.52 6 2 7 ,  
63.0 1.0000 14.932 14.837 584.57 6350 
64.0 le0000 14.932 14.843 5 6 5 9 2 3  6 4 3 .  
69.0 1*0000 14.932 14.870 476.68 498 .  
70.0 1 m O O O O  14 ,932  14.871 473.07 5 0 0 -  
71.0 1.0000 14.932 14.875 460.11 5050  
72 .0  1.0000 1 4 0 9 3 2  14.879 444.20 510. 
73.0 1.01100 14.932 1 4 0 8 8 3  425.29 446.  
74.0 f.0000 14.932 14.884.421.93 447. 
75.0 1.0000 14.932 14 ,887  411.62 4 5 2 .  
,0000 1 6 , 9 3 2  14.889 398.88 4579 
V8LU W28LU W81U T28LU T8LU 
6 5 5 .  638.5 63 .99  5 6 2 ;  
658.9 634.0 63099 5630 
569 .  610.27 6 3 e 9 9  563. 1 5 0 9 ,  
6830 598.08 63.99 5650 1 T P O e  
6 0 3 .  603.69 5 8 e 8 8  5 5 8 .  1 5 0 4 ,  
6060 599.52 5 8 e 8 8  558 .  1504 .  
616, 584.57 5 8 0 8 8  5 5 9 .  1505 .  
6 2 9 .  565.23 58.88 560 .  15Cb. 
4 1 8 ,  425 .29  41 .89  5400 1454. 
420 .  421.93 41.89 540. 1454.  
77.0 1.0000 15.232 15. 645.17 6 8 1 ,  6660 6450 7 65.15 5 6 6 ,  
78.0 1.0000 640.45 6 8 3 .  6 6 9 ,  6413, 
7 9 * 0  1.0000 6 2 3 0 4 5  69Qo 6 8 1 s  623.4 
603 .66  4990 6 9 5 .  6 0 3  
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7 2 0 0  
7300 
7400 
7 4 0 0  
76.0 
77.0 
7 8 - 0  
79.0 
8000 
G E N  ER AL 
RLF SYSTEM C 














7 3 0 1  
7207 
7 2 0 3  
65.7 
6506 







63 12 0 
63 12 rn 
63 12 e 


















64 24 e 
6424. 
64 24 e 
E L E C T R I C  COMPANY 


































































3 0 5 ,  







702 .  
7021 



















































GENERAL E L E C T R I C  COMPANY 
R L F  S Y S T E M  C YTOL E S T I M A T E D  P E R F O R M A N C E  
CASE 
82.0 
8 3 0 0  
84.0 
8 5 . 0  
86 .0  
87.0 
88 .0  
89.0 









PS ALT MO VBKNTS P O  T O  E T A R G G  P2GG T 2  
6.00 10000 00 0, 




O m  
158 
GENERdL E L E C T R I C  COMPANY 
RLF SYSTEM C V T O L  E S T I M A T E D  PERFORMANCE 





92 0 0 8  









87 .0  
88.0 
8 4 e 6 0  
8 4 - 6 0  
8 4  0 6 0  
84.60 
460 91  
460 91  
46.91 
460 91  
7 6 2 e 9  55.28 94.7 
762.9 55a20 94.7 
762.9 55.28 94.7 
762.9 55.28 9 4 0 7  
29.66 5 8 5 0 9  
29.66 5 8 5 0 9  
29066 5 8 5 e 9  
29.66 5 0 5 , 9  
7 4 - 4 3  
74.63 
74.63 
7 4 - 6 3  
400 61 









6 6 0 3 1  
660 31  
6 9 7 0 3  43.87 8 4 0 7  
697.3 43.87 8 4 . 1  
697.3 43.87 8407 
6 9 7 0 3  4 3 0 8 7  8407  
1 4 3 0 .  
1 4 3 8 .  
1 4 3 8 .  
1438 o 















1 0 4 e O  
5 3 0 8 1  
53.81 
53.81 




2 8 0 x 9  
6 4 9 0 2  3 b e 0 2  7 4 0 7  
649.2 36602 7 4 - 7  
649.2 36.02 7 4 0 7  
6 4 9 0 2  36002 74.7 
107.0 
1 0 7 0 0 '  
107.0 
107.0 
1 3 8 6 .  
1 3 8 6 .  











4 8 e 8 7  




2 5 . 5 0  
2 5 . 5 0  
6 2 8 0 4  32e96 6 9 0 8  
6 2 8 0 4  32.96 6 9 0 8  
6 2 8 0 4  32e96  6 9 0 8  
628.4 32,96 69.8 
362 e 
362  e 
362  e 
362  e 
159 
SE ETARLU P2LU P22LU DLU V28LU 
85.0 1.0000 1 4 ,  
173  1 4 , 0 7 9  565.80 5 7 8 .  
88.0 1 e O r 3 0 0  14,1173 '140085 549m93 587. 
00000 1 4 , 1 7 3  1 4 , 0 9 4  520.75 507. 
9 0 0 0  1eOOOO 1 4 ,  73 14 ,095  517.4 
91.0 llmiI000 1 4 ,  73  14 .099  505.9 
92.0 1mOQ00 14 .173  1 4 ,  
93.0 1,0000 
9600 1.0000 1 
97.0 1.0000 14.173 25 410096 398,  
98 .0  1.0000 14.173 26 4 0 8 , 2 8  400. 
99.0 le6000 28  398e95 4 
100.0 1,0000 31 3 8 7 e 2 7  4 
3 4  342.57 3 6 0 ,  
3 4  370.16 362 
05 ,o  1.0000 336,88  3 2 5  
U W8LU T28LU T 8 L l l  
e.03 556. 1 4 9 8 .  
6720 582.80 61mO3 5 5 7 0  1499,  
5 9 3 ,  581.45 5 6 ,  
596.  578.02 56.16 551.  1 4 9 5 0  
6050 5 4 5 . 8 0  5 4 0 1 6  5 5 2 .  1495.  
6 1 9 ,  S49m93 56016 5 5 3 .  1496. 
6 5.51, 1 4 9 5 ,  
160 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM C VTOL E S T I M A T E D  PERFORMANCf 
CASE PCNFLU BETAB W f M  FDGG FDLU FGGG F G L U  FDBASE 




9 9 0 7  0, 6 0 0 3 .  
98.6 30.00 6 0 0 3 .  
99.4 1 5 0 0 0  60030 















1 0 8 7 7 ,  








88 .0  












7955 .  
7 9 2 4 .  






















74.1 00 38 11 0 
74.0 15-00 3811 .  
7 3 0 6  30000 38110 
73.1 40.00 3811 .  


















4 5 8 .  
428 ,  




6603 0. 3322. 
66.2 I f i o O O  33220 
65.9 3 0 0 0 0  3322 .  












220 ,  
4941 0 
4748 .  
3912,  











0 .  
0 ,  
0. , 
00 
0 .  
0. 
4 0 5 4 -  
4037. 






54,5 00 2468*  
54.4 1 5 0 0 0  2 4 6 8 .  
5 4 0 2  30.00 2468s  
5400 4 0 ~ D ~  2 4 6 8 ,  
0. 
0 ,  
0 ,  






2 5 8 ,  
2 3 0 ,  












~ € ~ E ~ ~ L  L E C  
RLF S Y S T E  
PS ALT P O  TO E T A R G G  P Z G G  T 2  
583 50,oo 
000. 0.07583 50.00 
000. 0 , 0 7 5 8 3  5 O e O D  40230 515070 
3 - 0 0  2000, O e 0 7 5 8  
000. 0,0758 
000. 0,0758 
0000 0,0758 239 515070 
0,07583 5000Q e230 515m70 
0,07583 50000 
000. 0 , 0 7 5 8 3  50080 
000, 0.01583 50.00 4.230 515070 
000. QeO7583 50.00 4,230 5P5070 
5000 1OOOe 0,07583 50.00 4 , 1 7 3  515.10 1, 
000, 0,0758 






GENERAL E L E C T R I C  COMPANY 
Rtf S Y S T E M  C VTOL E S T I M A T E D  PERFORMANCE 



























92040 51.77 79109 
92.40 51.77 79%,9 
92.40 51.77 791e9 
9 2 ~ 4 0  51.77 791.9 
84.89 47.10 763.8 
84.89 47.10 763.8 
84.89 47.10 763.8 
84.83 47010 763s8 
74.89 40.78 728.9 
74-89 40.78 728.9 
74089 40.78 728.9 
74.89 40.78 728.9 
66.54 35.56 698.f 
66.54 35.56 698.1 
66.54 35056 698.1 
46.54 35.56 69801 
59.41 31043 671.9 
59e41 31.43 671.9 
59.41 31,43 671.9 
59s41 31043 671.9 
54-00 28.30 649.9 
54.00 2 8 . 3 0  649.9 
54eOO 28030 649.9 
54.00 28e30 649.9 






60 .30  
6 0 . 3 0  





4 9 . 2 2  
49.22 
49.22 
















99.7 123.5 3 2 . 5 5  
99.7 3.2305 3 2 0 5 5  
99.7 123.5 32.55 
99e7 123s5 32.55 
9407 120.5 29.76 
9447 120e5 29.76 
94.7 120-5 29.76 
94.7 12005 29.76 
89.7 116.7 2 5 e 9 1  
89.7 114.7 25e91 
89.7 116.7 2 5 . 9 1 '  
89.7 3.1607 25.91 
04.8 113.3 22-68 
84.8 113.3 22.68 
04.8 113.3 22.68 
8 4 . 8  113e3 2 2 0 6 8  
79.8 1 1 0 e 1  20.02 
79.8 110.1 20.92 
79.8 11OeI. 20.02 
79.8 110.1. 20.02 
74.8 107.0, 17.92 
? 4 * 8  10700 17s92 
7408 107.0 17.92 
0 7 s 1 )  17.92 
69.8 1 0 3 e 7  15a99 
587.2 15220 
587.2 1522. 
587e2  1522. 
587 .2  1522.  






4 2 4 e b  14364 
424.6 1 4 3 6 .  







2 0 3 , O  1360, 
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C A S E  ETARLU PZLU P22 28LU VBLU W28CU WBLU T28LU T B L U  
l f 5 . 0  100000 1 4 1 2 3 0  14.137 5 6 4 e 1 1  
B c O  ?.e0000 1 4 , 2 3 0  
6245  
6 3 3 ,  
6.42 5 
5 2 8 0  
530, 
5 3 7 ,  




4 8 3 ,  
384,  
3 8 6 ,  
5 9 4 0  501e45  56.37  
597, 5 3 7 e 6 4  56e37 
608 .  564e11 56037 
6 2 1 .  546066  56.37  
4590 457.27 44.70 
462.  453,98  44.70 
470, 442.58 44e70 
4 8 0 ,  428.08 44e70 
370et 369932  36e68 
3724 366e65 36.68 
338.  357e3  
5 5 6 6  149'1, 
5570 1 4 9 0 .  
























































































24 82 a 
2482, 
E L E C T R I C  COMPANY 









2 2 3 0  
1970 
1 9 7 m  
1970 
1 9 7 0  
175. 
1 7 5 .  
1 7 5 0  





1 4 2 .  
142, 
142. 
4 2 .  
29. 
29, 























































38 .  
38, 
38e 



























































C A S E  PS ALT 0 VOKNTS PO T 2  
u o  2 . 0 0  ,0000 14,402 517.48  
4 2 e O  2aOO 4.402 517 .48  
4300 2 a O O  I 4,492 517.48 




1 O O O a  
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GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM C YTOL E S T I M A T E D  PERFORMANCE 




9 3 0 3 5  
7 9 4  0 6 





1 2 3 a 6  
1 2 3 0 6  
56808 







7 6 6 e 4  
7 6 6 0 4  
7 6 6 0 4  






5 8 9 0 5  
509.5 
5 8 9 . 5  
85 e 77 




1 4 6 0 0  
147.0 
1 4 8 . 0  
75 0 6 6  
75066 
7 5 . 6 6  
75  066 
4 9 0 7 7  89.9 
49.77 8909  
49s77 89e9  
49m77 89e9  
2 6 e l 5  
26e15 
2 6 . 1 5 ’  
26.15 
50002 
5 0 0 0 2  
5 0 0 0 2  






6 7 0 2 3  
6 7 0 2 3  
153.0 
156.0 
1 5 5 . 0  














110 .1  
1 1 0 e 1  




20 0 20 
1 4 0 3 0  
1403  . 
1 4 0 3 .  
1403 .  
94.97 
94  a 97  
9 4  e 97 




6 2 s 0 7  100a2 













RLF S Y S  PERFORM 4NCF 
CASE ETARLU P2LU P 2 2 L U  OLU W28LU 
00000 14 ,402  14.305 578.83 6 7 6 ,  
-0000 14.402 140355 41 
15400 1.0000 14.402 14.356 408.44 445 ,  
a0000 1 4 e 4 0 2  4.358 3998 
uO000 14.402 4.361 3860 
28CU W8LU T2SLU T A t r J  
m93 S 5 8 i  1498.  
m93 5 5 9 .  1498- 
e 9 3  5150, 1499 .  
m 9 3  5614 15013. 
6014 584.22 56.99 5540 1493.  
603. 580.28 56499  5540 14930 
614 .  565072 56.99 5 5 5 .  1494 .  
6270 546.95 56e99 5 5 6 ,  1495, 
464, 461m29 45.28 541, 14450 
466 .  4 5 7 . 7 9  65, ia  541 .  1445.  
4750 645.27 45010 541, 1 4 4 6 ,  
4 8 4 ,  429.82 45.18 542. 1446 .  
8 0  6 2 4 0 3 4  6 4 63uO5 562 .  1 4 9 7 0  
8 2  6 1 9 e 8 0  b 0 63.05 5630 14950 
8 8  603.35 6 8 8 ,  
4 ,595  5 a ~ * 4 4  697. 
168 
GENERAL 








90 .8  
9 0 0  3 
8202 



























4 O o O O  
0.  
1 5 0 0 3  
30.00  
40e00 









60 80 , 
6 O  80 
6080.  









38 54 o 
3854. 
3854. 









E L E C T R I C  COMPANY 






























9 5 0 0  







6 0 7 0  
597. 
561 . 












6 8 0 0  
169,O 
170,O 
1 7 1 a 0  








8 b , 0  
87,O 
88,O 
GENERAL E L E C I R  c CQMPANV 
VTOL E S T 1  ATED PERFORMANCE 
PS MO VOKNZS PO TO ETARGG P2GG T 2  
a 0 0  20000 00 
1,043 2000. 00 
1000 2000. O a  
l a 0 0  2000, O a  
2,oo 2000. 00 
2.00 20000 0. 
2000 2000. 0, 
2 0 0 0  20000 0, 
4aOO 2000. O a  
4aOO 2000, 0, 
4aOO 20000 01 
4.00 2000. 0 s  
5aOO 20000 Q o  
5.00 2 o o o a  0 .  
5 . 0 0  20000  O a  
5000 20000 0. 
4 , O O  20000 O a  
6.00  2000, 0. 
6.00 2000. O a  
6,00 2000 
7.00 2000. 0, 
7s00 2 0 0 ~ 0  0, 
7,00 2000,  30 
0 
0, 






o a  
0. 







o a  
0. 
O m  
Q a  





eOOOO 13 .664  511.54 
.OOOO 13,664 511a54 
054 1.0000 1 3 , 6 6 4  511.54 
3 . 6 6 4  511,54 lo0000 13.664 511.54 
3,664 511a54 100000 2 3 . 6 6 4  511.54 
e0000 13.664 511 .54  
00000 13.664 5L1a54 
a0000 13.664 5 1 1 a 5 4  
a 5 4  100000 3,664 5 1 1 0 5 4  
054 1,0000 3.664 511a54 
e 5 4  100000 
a 5 4  1eOOOO 
a 5 4  100000 
' e 5 4  1,0000 
m54 100000 
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GENERAL E L E C T R I C  COMPANY 
R L F  SYSTEM C VTOL E S T I M A T E D  PERFORMANCE 











1 7 1 e Q  
117280 
173.0 
1 7 4 0 0  
175.0 













89 . 09 
39 e 0 9  
8 9 0 0 9  
8 9 4 0 9  
81 e 8 5  
81 8 8 5  











5 7 - 2 8  




52 0 07 
52e07 




49.71 7 8 5 e 6  
49 ,71  785.6 




3 9 - 1 5  7 2 3 0 1  
39 ,16  7 2 3 , 1  
3 9 e l 6  723.1  







27.18 6 4 4 0 7  
24e59  6 2 4 -  












4 2 - 4 5  
4 2 0 6 5  
42 045 
4 2 - 4 5  
















8 9 - 4  
8 9 - 4  
8904 
8 9 - 4  
84.4 
















1 2 3 0 0  
123.0 
1 2 3 - 0  
12000 
120.0 







1 1 2 8 9  


































1 7 - 2 8  
17.28 




5 e 4  
5.4 
6 5 9 . 4 .  1 5 6 8 .  
65946  15680 
459.4 1568 .  
659.4  1568, 
493.7 1 4 6 6 .  
493.7 1 4 6 6 .  
493.7 1 4 6 6 ,  
493.1  1 4 6 6 .  
422.2 1428. 
422e2 1 4 2 8 ,  
422e2 1428. 
4 2 2 - 2  1 4 2 0 ,  
365.7 1400 .  
36507 1 4 0 0 .  




RLF SYSTE T E D  P f R F O R M A N C E  
CASE E T A R L U  PZLU P Z Z L U  OLU V28LU 
3,556 5 9 5 e 3 4  60130 
3.664 13 ,553  5 9  
3,664 13 ,568  563.83 621 .  
3.654 13 ,552  5 1 9 0 7 4  6 1 2 .  
eOOO0 13 .664  3.569 562.53 566.  
a0000 13.664 30570  559e22  568e 
1 6 7 e O  le0000 13 ,664  13 ,574  54703% 5766 
6800  1*09C)r3 1 3 , 6 6 4  130580  532.04  5850 
69.0 L e 0 0 0 0  1 3 , 6 6 4  3 ,589 5 0 3 a 7 7  505, 
3.70.0 lo0000 13.664 3 ,590 50Oo61 5 0 7 ,  
f 7 1 o O  1o-0000 1 3 0 6 6 4  3 ,594  489.42 514.  
a0000 13 ,664  8 475027 5220 
e0000 23,664 44e86 4 4 5 ,  
174.0 1e9009 
3,627 360042  
3,627 358009  
1 8 3 . 0  1.0000 3 ,629 349,%7 365 ,  
2 5 , 9 0  324  
23,75 326 
V8LU W28LU WRLU T28LU T8LU 
a 5 9 5 0 3 4  5 9 0 0 5  551;  14850 
6 4 4 ,  591e95  59005  5520 1486, 
6 5 5 ,  5 7 9 0 7 4  5 9 e 0 5  5 5 2 ,  1487, 
6 6 9 ,  563.83 59 .05  5 5 3 ,  1 4 8 9 ,  
5910 5620.53 5 4 0 3 4  5470 14840 
5940 5 5 9 0 2 2  5 4 - 3 4  547.  1 4 8 4 ,  
5040 547.30 54034  5480 1405 .  
617, 532eU4 54034  5490 1 4 8 6 ,  
518.  503677 48e20 540 .  14620 
5210 5016061 68120 5 4 0 ,  1462. 
5300 489.42 48.29 5410 1 4 6 2 .  
5410 475e27 40020 5410 1 4 6 3 ,  
4570 444.86 43.99 5 3 4 ,  1436 .  
459,  441.96 43.09 534 .  1 4 3 6 .  
469 .  4 3 1 0 8 4  43009  5 3 4 .  14370 
0 43a09  535. 1437. 
0. 397s57  38666 529 .  14340 
4 1 2 ,  39/+099 38066  5290 14340 
419s 385.96 38.66 5 3 0 0  1435 .  
428, 374.66 38 .66  5300 1435, 
2 35.36 526.  
9 35036  5260 
3750 349.87 3 5 e 3 6  5 2 6 ,  
383 ,  339e65 3 5 6 3 6  5270 

















1 7 5 0 0  
17600  









8 6 0 0  
8 7 a O  
88aO 
GENERAL 
R L F  SYSTEM C 
P C N F L U  
3 9 . 3  




9 3 0 3  
9 2 0 7  











65 .7  
65.3 
6 0 . 3  
59.7 







































5 7 8 1 0  
5 1  82 0 
5 1 8 2 ,  
5 1 8 2 .  
5182. 
43  50 . 
4 3  50. 
4 3 5 0 .  
4 3  50 
3 6 7 2 .  
36720 
3 6 7 2 0  
3 6 7 2 .  
3 2 o i O  
3201 .  
3201 
3201  
2 7 9 6 .  
2 7 9 6 .  
2796 .  
27 94 
2 3 7 9 .  
2 3 7 9 ,  
2 3 7 9 0  
2 3 7 9 ,  
E L E C T R I C  COMPANY 
VTDL E S T I M A T E D  PERFORMANCE 
FDGG 
00 
0 ,  














O S  
00 
00 









































7 9 4 0  








5 2 9 .  
4 7 2 0  
4650 
441 0 
412 .  
3760 
371 0 




2 8 9 .  
2710 
2520 




GENERAL E L E C T R I C  COWP 
RLF S Y S T E  v ATE0 PERFORMANCF 
CASE 
1 8 9 . 0  











l e 0 0  
2100 
2 eo0 
2 . 0 0  
2 e 6 0  










2 0 8 . 0  5 . 0 0  
ACT M O  YOKNTS P O  TO ETARGS P2SG T 2  
20000 0 , 0 7 6 0 9  5 0 e O O  e’54 1eQOOO 13.7213 S 
2000, 0 0 0 7 6 0 9  501100 a0000 13.720 5 
07609 5 8 e O O  
0 , 0 7 6 0 9  50 .00  
Oo676O9 5Oo.OO 
0 7 4 0 9  50,OO 
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GENERAL E L E C T R I C  C O  
RLF S Y S T E M  C VTOL E S T I M A T E D  PERFORMANCE 
CASE WOGG PEXGG TEXGG WEXGG PCNFGG PCNGG W8GG V8GG T 8 G G  
89040  
89  o 40 







72 o 45  
72.45 
7 2 a 4 5  
64.38 
64 ,38  
64,38 
64 ,30  
57 e 4 8  
57.48 
57 0 4 8  
5 7 0 4 8  
52 e 2 4  
5 2 0 2 4  
52 m 2 4  
52 0 2 4  
47.45 
47.45 
47 , 45 
47 , 4 5  
786 ,5  58.34 
786.5 58.34 
78605  58.34 
7 8 6 0 5  58.34 
7 5 8 0 6  53068 
758.6 53068 
7 5 8 0 6  53.58 
758.6 43068 
723.9 47.63 
723.9  4 7 0 6 3  
723.9  47.63 
7 2 3 0 9  47063  
693.4 4 2 0 6 1  
6 9 3 0 4  4 2 0 6 1  
693.4  42061  
6 9 3 0 4  42.61 
667.2 3 8 0 2 2  
6 6 7 0 2  38.22 
66702 38e22 
667.2 38022 
6 2 4 - 8  32.0 
62408  32.0 
9 9 0 4  
9 9 0 4  
9 9 0 4  




9 6 0 4  
89.4 
8 9 0 4  
8 9 9 4  







7 9 0 5  
7 9 . 5  






69 ,6  
6 9 , 6  
2 8 0 7 8  585m4 
20e78  5 8 5 0 4  
28.78 505.4 
28.78 585.4 
1 9 0 3 6  366.5 
1 9 0 3 6  36605 
19.36 366.5 
19.36 366e5 




1 5 6 8 .  
1 5 6 8 ,  
1568 .  
15680 
1512 .  
1 5 1 2 0  
1512 .  
1 5 1 2 .  
1465  s 
1 4 6 %  
14650 
1 4 6 5 0  
1 4 2 7 0  
1 4 2 7 ,  
14219 
1 4 2 7 0  
1 3 9 8 .  
1 3 9 8 .  
1398, 
1 3 9 8 ,  
1 3 7 5 ,  
13750 
375, 
3 7 5 .  
3 5 2 ,  
3 5 2 ,  
352.  
3 5 2 ,  
175 
SE ETARLU P2LU P22LU WOLU V28LU 
3 , 6 2 5  562053 586, 
3 , 6 2 6  5 5 8 . 8 5  5 8 9 ,  
3 .631  5 4 . 5 0 7 5  597, 
3 , 6 3 7  5 2 8 0 8 6  6060 











7 0  
3 8 5 ,  
324, 
329,  
W28LU W8LU T28l.U T8LU 
176 
CASE 
1 8 9 0 0  
190er3 
e o  
eo 
19380 
















RCF SYSTEM C 
PCNFLU 
9 4 e 9  
96m7 
9600 









7 0 0 9  
6 4 0 2  
64e1 
6308 
6 3 . 6  
5 2 0 6  
5206 
52.4 








3 0 0 0 0  
48,QQ 
O m  
1 5 e O O  
30.00 





0 ,  
1 5 e O O  
3 0 , O O  





~ ~ . o O  
3 0 , O O  
WF M 
5 8 0 0 ,  
5 8 0 0  s 
58000 
58000 
5 1 9 8 ,  
5198,  
5 1 9 8 .  
5198, 
4 3 6 3 ,  
4 3 6 3 .  
4 3 6 3 .  
4363  5 
3682 .  
36 82 e 
36 82 
36 82 o 
32 10 e 
32 10 e 
3.2 100 
2807. 
2 8 0 7 .  
2.807, 
28070 
2 3 9 2 .  
2392.0 
23920 
E L E C T R I C  c o w a i w  
VTOC E S T I M A T E D  P E ~ F O ~ ~ A N C E  
FDGG 
235 ,  
2 3 5 ,  
2 3 5 ,  
235 ,  
216, 
2160 










1 5 1 .  
5 1 .  
5 1 .  
3 7 0  
3 7 ,  
3 7 ,  
37, 
2 5 ,  
2 5 ,  






1 4 7 0 ,  
1 4 7 6 ,  
1466 .  
1 4 3 2 0  
1 3 8 7 ,  
3180 
309 0 
1277 .  






9 3 7 0  
930, 
9 0 7 ,  
8 7 7 ,  
846 0 
FGGG 
6 2 5 .  
6 2 5 ,  





5 0 5 0  




278 .  
2 7 8 ,  
278.  





9 5 2 2 ,  










4643 ,  
3809, 
3 9 7 6 ,  




7 8 3 ,  
8 1 7 0  
804 ,  
7 5 9 0  








4 5 4 ,  
4 2 3 ,  












































3 . 0 0  
4,oo 
4.00 
4 . 3 0  
4.00 
GENERAL E L E C T R I C  CO Y 
R C F  SYSTEM C VT 0 L E S T K M A T  E D  PERFORM ANCE 
ALT PO TO ETARGG PZGG T 2  
5218 100.00 13.664 511.54 1,0000 13.887 513.91 
5218 l o d e 0 0  3.664 511.54 1.0000 13.887 513.91 
100eDO 13,664 5 1.54 IoOODO 13,887 513.91 




2000. 0 , 2 2 8 2 7  1 
178 
GENERAL E L E C T R I C  COMPANY 
RLF SYSTEM C VTOL ESTIMATED P E R F O R M A N C E  









































82 e 99 
82,99 
82.99 






















































230 .0  
231.0 
2 3 2 a O  
65.05 




































































GEYERAL E L E C T R I C  COMPANY 
RLF S Y S T E M  C MATED P € ~ ~ ~ ~ ~ A N C E  
C A S E  E T A R L U  P2LU P22LU OLU V28LU 
7 - 0  1,3000 3 0 8 8 7  13.779 597.85 6540 
00000 13 ,887  13.781 593669  656 .  
2 1 9 0 0  1,OOOQ 13.887 13.787 578e90  655 .  
22090 100000 1 3 , 8 8 7  13 .794 530.04 6740 
30887 1 3 , 7 9 2  565.27 620. 
3.887 13 .793 561036 623, 
223.0 1.0000 13.887 130798  547.37 6310 
224eO 1.0000 1 3 , 8 8 7  13 ,805 529.16 6 3 9 ,  
00000 130887  1 3 0 8 1 2  506026 559.  
226.0 1-0000 13,887 1 3 0 8 1 3  5'32.58 5 4 1 s  
2 2 9 0 0  1-0000 1 3 , 8 8 7  13 .817 489.50 5 6 7 ,  
228eO IeWOOO 13.887 1 3 , 8 2 2  4 7 2 0 6 5  5 7 4 0  
229-0 1-0000 13.887 13.829 4 4 6 e 3 1  4950 
230.0  11.0000 13,887 1 3 , 8 3 0  442.93 4970 
2 3 1 0 0  100000 13.887 1 3 , 8 3 4  430.83 5 0 2 0  
232.0 I.eO000 13 ,887  13.837 415.83 5 0 6 ,  
237.0 1oOOO0 1 4 0 1 6 9  
2 3 8 0 0  100000 1 4 0 x 6 9  
69 14 ,069  5 8 3 ,  
6 9  14 ,075 5 6 5 ,  
VBLU W28CU W8LU T28LU T B L U  
5259 506926  48.91 5 4 3 -  1460. 
527.  5 0 2 - 5 8  4 8 - 9 1  5 4 3 .  1 4 6 0 ,  
5 3 6 0  489.50 4 8 - 9 1  544, 2461. 
540.  472165  48.91 545 .  1 4 6 1 -  
462 .  446.3 4 3 - 7 2  5 3 7 0  
464. 442.93 4 3 - 7 2  5 3 7 0  1 4 3 5 ,  
4730 430.83 4 3 - 7 2  5 3 8 s  1436 .  
4830 4 t S e 8 3  43e72 538 .  1 4 3 6 ,  
180 










226 .0  
22700 
228.0 
2 2 9 - 0  






































W f M  
5 8  56 0 











37 14 0 





32 36 m 





E L E C T R I C  COMPANY 




















3 0 5 0  
3050 
7 2 3 0  
723.  
7 2 3 .  
7230 6 5 5 ,  7931. 



























REMOTE LIFT FAN SYSTEM C 
(TurbofanA.25  Pressure  Ra t io  L i f t  Un i t s )  
Est imated I n t e r n a l  Cru ise  Performance 
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G E N E R A L  ELECTRIC COMPANY 
RLF SYSTEM C C R U I S E  E S T I M 4 T E D  PERF3SM4NCE 
C A S E  
1.0 





















2 4 s O  
13.0 






























l e 0 0  


























5 0 0 0 0  
5000 .  
5000, 
5 0 0 0 ,  
50000 
5000, 
0 VDKNTS PO T O  ETARGG P2GG T 2  
0. 30 140696 518157 IoOOO3 14,636 518.67 
Oo10OOO 550117 1140696 518.67 le0009 14,799 519.71 
De20000 132.33 14.696 518057 1.0000 15.112 522.83 
3o2090U 132.33 14.696 518.57 100000 15.112 5 2 2 . 8 3  
0.20000 132.33 14.696 518.67 1.0000 1 5 . 1 1 2  522.83 
i3020000 132-33 140696 518.67 1,0300 15,112 522.83 
3020000 1 3 2 0 3 3  14.696 518.67 le0000 15,112 522.83 
3a20000 132033 14.696 518.67 1.0000 15,1112 522.83 
3.30000 198.50 14.696 518.67 100000 150643 528003 
3*40000 254e66 14,696 518.67 1.0000 16,410 535e31 
0*400QO 264.66 14,696 518.57 1.0000' 160410 5 3 5 0 3 1  
Oe40000 254.66 14.696 518,67 100000 16.4 
Oo4OOOO 254.56 14,696 518.67 le0000 16.4 
3*40000 264.66 14,696 518.67 11cOOOO 16,410 5 3 5 e 3 1  
3o4OOOO 254046 4,696 518.67 1.0000 16.410 535.31  
3,50000 333083 14.696 518.67 1.0030 17.434 544.67 
0.60000 3 9 7 0 3 0  14,696 518.67 1.0000 18,748 556.11 
0*60000 397.00 14,696 518.67 1.0000 18,748 556.11 
3a50000 3 9 7 . 3 0  14.696 518.67 1.0030 180748 5 5 6 e l 1  
3.60000 397.03 14,696 518067 100000 18,768 556.11 
3e60000 397e00 8067 le0000 180768 556e11 
Oo6OOOO 3 9 7 0 0 0  8.67 103000 1180798 556.11 
3 .  30  1 2 - 2 2 8  500-84 11,0090 12,228 5 0 0 0 8 4  
O e 1 0 0 0 0  6 5 e 0 3  12,228 500e84 Le0000 
O,20U0~ 130-05 12,228 500084 2,573 504.86 
2.228 500,84 
2.228 500.84 
2,228 500.84 1.0000 4,534 525e96 
0 5 0 0 0 .  Oe60000 390a15 2,228 500e84 1 
3 183 
GENERAL E L E C T R I C  CO 
R L F  S Y S T E M  c CRUISE E S T I M A T E D  PERF3RMANCE 
CASE WOGG PEXGG TEXGG E X G G  PCYFGG PCNGG W8GS V 8 G S  
5 53.46 769.4 6 2 . 0 7  00.0 123.9 33.55 663.3 
2.0 95.72 5 3 - 8 4  798-0 62147  100, 24.3 33.72 663.3 
T 8GG 
1 5 8 8 ,  
5 8 7 .  
5 4 - 9 8  
50.02 
4 3 , 3 1  




7 7 4 . 2  
738.8 









1 5 8 5 ,  
15260 
1 4 7 8 ,  
’1440 e 
1407  . 
1358 .  
1240 2 
104-2  
3 4 . 2 7  
2 7 - 2 8  
2 3 - 8 7  
21.08 
26.84 
6 3 - 6 6  
5 0 s 5 8  
51.98 
4 6 * 5  
41-72 
34.92 
3.0 9 7 0 4 5  
4.0 8 9 - 5 3  
5.0 78.98 
7-0 6 2 e 6 6  
801) 51.72 
35.29 690.2  1 5 8 2 .  9.0 100.39 56.91 8 x 0  06 65.69 24.5 




2 2 . 4 2  
1 7 - 9 5  
1577.  
1513 .  
1461  
1 4 1 9 .  
1382. 







2 5 - 3  
21.3 






5 6 - 0 1  
44.97 
37.61 
1 O e O  104.59 
11.0 96.09 
12,O 8 4 . 7 7  
4.0 67.24 
11.3-0 75.32 
15.0 5 5 . 5 1  
628.4 




7 9 2  04 
7 5 4  e 3 
7 2 4 , 5  
697 . 2 
653.0  
745.9 16.0 110.15 6 3  0 43 835.6 72.43 1 2 5 - 5  38.28 
783 .7  
6 8 8 a 1  




17.0 117.23  68.21 8 5 2 - 0  7 7 0 3 1  
18.1) 107.70 62 .05  822.6 71.16 
19.0 95.02 5 3 - 7 3  785.2 6 3 ,  
2000  84.43 46.85 7 5 2 e 3  56. 
21.0 75.38 41.40 7 2 4 ,  
2 2 e O  6 Z 0 2 2  33.74 678 .2  4 2 , 3 7  
651.8 23.0 80.56 44.49 769.5 52.59 
655.5 1 5 3 8 ,  
1 5 3 6 .  98 a 25-09 82e52 
678a8  5 3 2 ,  2 4 , 0  85 ,OO 7 e 3 5  7 8 3 a 2  5 5 e 6 4  
2700 88.56 49 .68  79308  5 8 . 0 9  528 ,  
7 3 2 e 3  524, 23.5 321.36 
472.4 521.  29.0 9 9 e 2 6  5 6 e 7  65 ,46  
184 
GENERAL. E L E C T R I C  COMPANY 
SLF S Y S T E M  C C R U I S E  E S T I M A T E D  PERF3RMANCE 
CASE ETARLU P2LU P22LU HOLU V28LU V8LU W28CU d8LU T28LU T8LU 
1.0 1.00OD 14 ,696  14 .580 6 3 5 e 1 3  591.  6 3 6 ,  635413  63.37 559 .  1507 .  
2.0 I + e O O O q  14.799 14 ,682  6 3 8 8 8 3  6 0 2 ,  6 6 4 ,  538.89 6 3 - 4 7  5 6 ' O o  15098 
3 . 0  140009 15.112 14 ,993 6 4 3 . 2 7  635. 7 4 3 s  649.27  64.68 563 ,  15144 
4.0 l e C 7 0 0 0  15,1112 15.005 615.72 691s 6880 6316.72 59.53 5590 1 5 1 1 .  
5.0 1.0000 15.112 15 ,026 5 5 9 0 2 4  5 4 3 ,  604 .  559.24  52.79 552.  14850 
6 8 0  l e 0 0 0 0  1 5 0 1 1 2  15 ,043  502.19 4870 5 3 2 .  502019  47.20 545.  1457 .  
7.0 le0000 15 ,112  15,055 4 5 7 0 0 4  442 .  479 .  457.04  42.34 540.  1456 .  
8.0 1 .0000 15.112 15.071 391.74 337.  384.  391.74 35.41 534.  1379 .  
9 e O  2*30C10 15,543 i 5 . 5 1 9  671.79 6 8 3 ,  8 4 1 .  571.79 64.74 569.  1 5 2 1 .  
40000 16.410 16 ,278  703.49 7460 9 6 3 .  703.49 69.69 574s 1532 .  
.OOOO 1604-10 16 ,289  675a63  715. 901. 676.63 4 4 . I . l  572. 1527 .  
12.0 1eOQ00 16.410 1 6 , 3 0 6  6 2 9 e 4 3  6 6 2 .  801. 529.63 56.88 5648 1 4 9 6 ,  
40000 1 5 o 4 1 3  1 6 , 3 2 1  554s95  6 1 2 .  714. 584.95 53.86 5 5 7 .  14634 
e0000 16.410 16.332 549.98 573,  651 .  549.98 45.64 5 5 3 0  14594 
1 5 0 0  l . . O O O O  16 .410  16.345 502.39 519.  5540 502a39 38.16 546, 1428. 
16.0 1.0000 17.434 17 .294 7 4 1 . 2 4  822. 1111. 741.24 73.60 5 8 6 ,  1549 .  
17.0 1.0000 1 8 e 7 4 8  18.602 779.23 909. 1 2 8 6 ,  779.23 78.57 599.  1570.  
18.0 1.0000 18.748 18.610 756.24  879.  1 2 2 0 .  758.24 7 2 0 3 1  5938 1 5 6 0 .  
19.0 1 o O O Q O  18.748 L8.624 722.16 8 3 0 .  1111. 722.16 64.13 585.  1 5 2 5 .  
20.0 1.0000 18.748 18.636 6 8 9 s 4 7  7 8 7 .  1912. 689847  57e36 5790 1403 .  
21.3 1.0000 18 ,748  8 ,644  666.13 7538 9 4 3 ,  6 6 4 ,  3 4 1 - 4 8  5 7 4 8  1474 .  
22.0 lo0009 1 8 . 7 4 8  8.655 633e76  737s 9440 6 3 0 ,  6 43.00 5670 1463 .  
23.0 1.UC)OO 12.228 1 2 * 1 3 1  5 3 7 - 5 4  5 8 1 ,  6 2 5 .  537.54 5 3 0 4  5408 16550 
24.0 1 , U O O O  12,313 12.216 54O864  5 9 2  6 5 2 ,  5 4 0 0 6 6  53075 5 4  
25.0 1 o ~ ~ Q O  12.573 20474  5 4 3 e 5 3  6 2 4 ,  730, 549a53  54078 5 
2 6 a 0  l e 0 0 0 0  13.0 568.65 47 
2780  140300 3.652 13 ,542  595e58  733.9 9460 595e58  59e3O 55 4 8 0 ,  
2 8 . 0  1oOOOO 36,504 14 ,387  6 2 7 e 5 0  837 .  1 0 9  o 527 ,50  62 .30  5660 2495,  
5 0 5 9 6  15.474 659086  8 9 3 ,  2 6 4 ,  659.86 66.49 5 7 8 ,  7, 
185 




























G E N E R A L  ELECTRIC COMPBNY 
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6 5 0 .  9 
477. 


























1 8 0 3 4 ,  
16492. 
P4077. 
t Z O O 8 .  
0502. 









6262 .  
4513. 
























GENERAL E L E C T R I C  COMPANY 
qLF S Y S T E M  C C R U I  S E  E S T I M A T E D  P E R F O R M A N C F  
CASE S ACT WO UOKNTS PO TO FTARGG P2GG a T 2  
36.0 1000 100000 Om30000 3.106 483.31 Le0000 10,758 491.74 
37.0 1.00 1 0 0 O O a  0.40000 255.44 100106 483.31 l.OOO(3 1 1 0 2 8 5  498.53 
38.0 2000 10000. 0*40300 255044 1 O o 1 0 6  483.31 1.0030 11,295 498.53 
39.0 3,oo 00000 3e40300 255.44 10.106 48303 1.285 498,53 
40.0 4.00 0000, Om40000 2 5 5 0 6 4  loo106 4 8 3 0 3  1 e 2 B S  498.53 
41.0 5,00 0000, 3.40000 255.44 10. 200090 1 1 . 2 8 5  498053 
42.0 7.00 l00000 0.40000 255.44 10.106 483.31 1,0000 11e285  498,53 
43.0 1000 1 O O O O a  305i3000 323.33  13.106 483.31 ltO0OD 3.10988 507.25 
44.0 1.00 I O O O O .  Oo6OOO0 3 8 3 e l 6  10, 06 4 8 3 a 3 1  e0030 12.890 517.91 
45.0 2000 0000s 3e60000 3 8 3 a P 6  0.106 483.31 1oO000 12.890 5117.91 
46.0 3 a O O  00000 3o6OOOO 3 3 3 0  16 0.105 48300 L.0000 12.890 517.91 
47.0 4aOO 10000e 0.60000 3 8 3 e 1 6  13,106 483.3 1.0003 12.890 517,91 
48.0 5.00 13000. 0,60000 383.16 100106 483.91 1.0000 12.890 517.91 
49.0 7000 100000 Oo6OOOO 3830316 13,106 483.01 le0000 1 2 0 8 9 0  517.91 
57 .0  l e 0 0  20000. ~ . 5 0 ~ 0 ~  30 m 3 D  60753 447.35 
GENERAL E L E C T R  
P E R F O R Y A N C E  






3 5 e o  
36.0 
37.0 








































51 .75  
4 7 . 5 5  
41 095 






7 .  
1. 
37.30 
6 6 0 2 2  
62409 
54e78 
43 * 45 


































608 e 3 
779.2 
795 . 3 
767.0 
732,O 










4 5 . 8 4  
43.9 
35e74 
3 2 4 3 5  
















6 7 . 8  
97.4 
98.0 
9 3 . 2  
88.2 





































30 0 75 
654.3 
577.8 
4860  5 
417.3 
3 6 3 e 6  
282.5 
666 e 9 
609.3 
607.8 
5 5 2 . 3  
439.7 





































2 6 0 %  
191 0 
14704 
1 3 f 9 .  
1323, 
12770 
GENERAL E L E C T R I C  CO 
RLF S Y S T E M  C C R U I S E  ESTIMATED P E R F O R M A N C E  
CASE E T A R L U  P2LU P22LU WOLU' Y28CU V8LU bd28LU W8LU T 2 8 L U  T8LU 
7 1 7 .  462.47 46.10 525 .  14.090 
6 6 3 .  439.32 4 2 e 4 3  5210 14060 
5 8 3 .  398044  37.62 51.4. 13840 
5 1 4 ,  357.84 33.64 5 0 8 .  1 3 5 8 ,  
4430 325071  30e17  503.  1 3 5 8 ,  
3700 279.23 25.23 4 9 8 .  1286.  
30.0 1mOOOO 110,393 10.31 4 6 2 e 4 7  6 1 2 .  
3100 1.0000 10 ,393  10.320 439.32 5800 
32 .0  Lo0000 1 0 0 3 9 3  10.333 398.44 524 .  
3 3 . 0  1 0 0 0 0 0  1 0 0 3 9 3  10.345 3 5 7 0 8 4  4 7 0 .  
34.0 1.OOOO 1 0 . 3 9 3  10.354 3 2 5 0 7 1  4 2 7 .  
3 5 0 0  l e 0 0 0 0  10,393 10.364 2 7 9 0 2 3  3640 
36eO 1 m ~ O O Q  l O o f S 8  10.673 4 7 8 e 5 9  6 5 9 0  811 .  4 7 8 e 5 9  47056 530 .  1416.  
37.0 l o 0 0 0 0  11.285 11.194 501.24 
38.0 1oOOOO 11.285 110202  681.96 
39.0 1eOOOO l l o 2 8 5  11o214  448.52 
40.0 LmOO00 11.285 1 e224  416.64 
41.0 le0000 1 0285 11.231 391079  
4200  1oOOOO 11.285 11.241 3 5 7 e 9 3  
43.0 1 0 0 0 0 0  11.988 1 1 , 8 9 2  528.07 7930  10710 528.07 52.44 5 4 6 ,  1441.  
44.0 1eOOOO 12 ,890  12.789 555032  
45.0 1 * O O O O  12.890 12.795 540.19 
46.0 1.0000 12.890 12,805 514037  
47.0 l o 0 0 0 0  12 ,890  L2o613 491m38 
4800  1.0000 12,890 12.819 473.06 
49.0 l a 0 0 0 0  12.890 12.826 449.28 
877 .  1241 .  555.32 5 5 . 9 4  
0480 11760 540.19 51053  
801e  1070 .  514037 45073  
7 5 9 ,  9760 491.08 40.89 
7 2 6 0  910. 473.06 36.70 
6 8 2 .  8150 449.28 3 0 0 6 5  
5 O e O  lo0000 14 ,018  130911 589013 967 .  1413 .  5 8 9 .  
5 1 m O  100000 ?e542 7.482 348.36 
52.0 IeOOOO 7.542 7.487 3 3 4 - 9 8  
5300 le0000 7.542 7 , 4 9 5  311.77 
54.0 lo0000 705442 7,5002 2 8 9 0 4 1  
5 5 0 0  1o0OOO 7 , 5 4 2  7 ,506  272e40  
5 6 . 0  IeOOOO 7 ~ 5 6  
4 9 3 .  094. 3r48e36 34.48 
6440 836. 3 3 4 e 9 8  31.73 
6x5, 7450 3 
5 6 8 .  665.  2 
5 3 2 ,  4060 2 
497. 1 3 2 1 ,  
4930 1 3 1 7 ,  
4870 1 2 9 2 ,  
506.  1335. 5700 1oOOOO 8.0 4 7 , 9 4 9  365996  o 366,96  3 6 - 4 1  
8 8 ,550  385m80 
8 8 8 5 5 4  375.31 






35 *o  
36,O 
37.0 





4 3 e O  
44,O 












6 7 . 0  
6a,o 
69,O 
7 O e Q  
190 
L E L E C T R I C  COMPANY 





7 2 e 9  
5 5 e 6  
54,e 
97.4 














89 ,9  
a?. 5 
5 8 0 4  
95.3 
9 5 , s  
84,2 
~ 7 * 5  
7 2 , t  
64.2 








0 ,  















0 ,  
0 .  
0 ,  
0, 
0 ,  
0, 
0. 












4 3 3 5 ,  
38 87 e 
27 57 e 
2 4 0 6 ,  
11840, 
4 4 5 5 ,  
29240 
2 5 4 5 ,  
2 0 0 9 ,  
48 6 3  6 
5 1 6 6 ,  
4 6 0 6 ,  
3222 .  
2 7 9 3 ,  
22 1 7 .  
38 38 8 
55460 
3067. 
2 7 %  o 
2309 u 
36 73 0 
3 8 9 6 ,  
F D G G  
4 6 6 0  
428 .  
3 7 7 .  





6 4 3 ,  
530, 
1680.  
1 5 4 3 .  
1352 ,  
8 3 2 0  
FDLU 
3099, 
2 9 4 4 ,  
2670 ,  
2398 e 
4 8 1 0 .  
6 7 1 7 .  
5 5 8 4 ,  




9 8 7 2 ,  
9 5 1 0 ,  
9 0 3 2 .  
1381?0 
9237 .  
FGGG 
492 ,  
3 9 7 0  
1 0 5 0  
515.  
5 5 3 ,  
4 4 6 ,  
3276  
2 4 5 ,  
1 8 5 0  
1 1 3 0  ' 
6 0 6 ,  
6 7 7 ,  
5410 
3 9 4 ,  
1350 
769, 
3 6 9 ,  
2 9 7 ,  
403, 








6 6 5 7 0  
33826 
1 0 7 8 7 .  
1 2 3 9 9 .  
11333, 
9675 ,  
8 2 5 1 ,  
72180 
59030 
1 4 4 6 6 ,  
1 6 9 5 2 0  
15801e 
14040, 
2 2 5 6 9 ,  
11484 .  
1 0 0 9 2 ,  
1 9 9 4 6 ,  
8 2 9 6 0  
7 5 8 5 ,  
6 4 7 7 ,  
5 5 2 5 ,  
4835n 
3956,  





5591 .  
4 2 3 4 0  
3 1 0 1 0  
23200 
$355 .  
5 7 7 2 ,  
5 2 3 5 0  
4 4 9 1 0  
3 1 8 1 0  
2 1 9 3 ,  
11510. 
6890 









2 9 4 7 ,  
21330 
467. 
3285 ,  




3 0 ,  
GENERAL E L E C T R I C  COIVrP4MY 
RLF S Y S T E M  C C R U I S E  E S T I M A T E D  PERF3TMANCE 
PO T O  ETARSG PS a L T  M O  V D K Y T S  P2SG T 2  
1000 3OOOOo 0040000 235085 40364 411e68 100030 
2000 30000o 3e40000 235085 4.364 411.68 100000 
3.00 30000, 0,40000 235.85 4.364 411068 le0000 
4000 3OOQOo Oe4OOOO 235085 4.364 411068 1.OOOO 
5.00 30000, Oe43000 235085 4.364 411068 lo0000 







L ' I O  30000o Oo50000 294081 40364 411.68 1.0000 5,177 432.36 





8 2 0 0  
1009 30000o 3 0 6 0 0 0 0  353078 4.364 411.68 100030 
2 0 0 0  30000. 0060000 353.78 4.364 4311068 100000 
3.00 300000  3,60000 353478 4.364 411.68 100003 
4.00 30000. 0060000 353078 4.364 411.68 100003 
5.00 3OOf)Oo Oe60000 353078 40364 41P.68 I00000 
7000 3OODOo Oo6OOOO 353.78 4.364 411.68 100000 
8400 
1029 30000, 0080000 471.70 4,364 411068 1 * 0 Q O O  
2000 3OOOOo 3080000 471070 4.364 411.68 100000 
3.00 30000. 3.8OOOO 471.70 4.364 411068 100030 
4-00 3ooor)o Oo8OOi)O 471.70 4.364 411.68 1.3090 
5.00 3 0 0 0 0 0  0.80000 471070 4.364 411058 1.0003 












3.665 402.50  
3,665 402*50 
1000 360890 Do4OOOO 229.55 30283 389037 100000 
2000 36089. 0040000 229.55 3.283 389037 l.00000 
3.00 36089, 3040000 229e55 3.283 389037 
4000 36089. Oo4OOOO 229e55 3.283 389.47 1oOOOO 
5 0 0 0  360890 3040000 229055 3.283 389137 le0030 











P o 4 5  36089, ! I o 8 O O O 0  459013 3,283 389097 1eOOOO 
2000 36089. 0080000 459.10 30283 389097' 2*0000 
3.00 360890 3.80000 459010 3.283 389e37 
4.00 3 6 0 8 9 .  0080000 459010 3,283 389e97 
S o 0 0  360890 308000'3 45'3.13 30283 389197 1,0000 
7 , O O  36089, 0.80000 459.10 3.283 389,97 La0030 
112.0 1490 36089, 0,90000 516e49 3,283 389.97 1.OOOO 5 5 3  453,42 
19 1 
GENERAL E L E C T R I C  COMPANY 
RLF S Y S T E M  C C R U I  S E  E S T I M A T E D  PERF3RMANCE 
C A S E  WOGG PEXGG TEXGG WEXGG PCNFGG PCNGS W8GG V8GS T8GG 
00 '34086 7.73 653m8 22m87 90.5 1106 12800 6 3 9 0 3  1277, 
7 2 . 0  3 2 . 0 3  14.13 63 005 8680 0 8 0 8  10.97 56204 12260  
7 3 0 0  28826 13.97 69 867 81.5  105.3 9 0 5 3  476.5 111860 
74mO 25811 1 2 0  8 575.8 16.70 7609 102.1 833e50  403e8 11490 
7580 2204 Os76 554.0 14.98 7204 99.1 1-35 34805 11213 
7600 18.50 8077 51806 12*52 63.4 93.3 5m87 271.6 LO760 
77.0  36872 18884 6 6 5 . 2  24aI.6 9 L 3  111201 1 2 0 5 8  66702 11274. 
78-0 39007 2 0 0 2 6  6 7 9 0 1  2 5 . 7 9  9203 112.9 13.32 70304 1272s 
79.0 35890 18.43 654.8 23*74 8706 110.0 12016 615.5 1215. 
8000 31067 15096 624.6 211007 83.0 106.4 10.57 51604 11640 
8100 28.14 13891 590.2 l 8 0 R 5  7804 103.1 9.23 43508 1124. 
82.0 2 5 0 1 2  12030 575.5 16091 7308 20000 8013 37402 2089. 
8300 20.73 0002 53808 14e3.2 6406 94.3 6050 282.8 1033. 







44.76 23079 708.7 29072 9303 
41.82 22.03 688.9 27.86 89.9 
36.89 19.07 657.2 24074 95.2 
32.78 16.63 629.4 2 2 0 1 5  8 0 0 5  
29.27 14.70 60506 19087 7 5 . 7  
24816 3.1098 567.0 16.58 6603 
779.9 
69904 






















4 0 5 0  
26.94 13.34 619.5 17.67 8801 
2.13 5 9 7 0 2  16026 83m7 
21.84 10850 569.6 14842 79.3 
9.40 9-16 54505 12.89 74.9 
7032 8010 52488 11057 7 
14.30 6060 49 . 3  9.66 6 










96 .5  
9059 
98.0 9.68 7 63083 18.66 88.9 0 9 a 2  649 a 
5 . 2 4  643e5 19.92 89.8 
3 .86  6 2 0 0 4  1 8 . 3 4  85 
2000 591.8 6 , 2 8  80,8 
0047 566.7 4,55 74,3 
9.25 545.2 13.05 7 
16.03 7.54 510 4 10.90 62a9 
684.4 
426 0 5 
3564. 4 
280.3 987 0 
0580 047 90,9 
























9 2 0 6  
57 86 $863  645 .5  23e87 8 9 a 3  12430 
192 
GENERAL E L E C T R I C  COMPANY 
RLF S Y S T E M  C C R U I S E  E S T I M A T E D  P E R F D R M A N C E  
PZLU P22LU W 3 L U  V28LU V 8 L U  W2RlU W8LIJ T28LU T B L U  
71.0 le0000 
72.0 1*0000 
73.0 1 9 0 9 0 3  
74.0 1 .0000  
75.0 1.0090 
76.0  1.0000 
4.873 4.834 2 3 4 9 8 1  6 6 5 .  8 5 0 .  234.81 23.21 458. 1218 .  
6 . i m  4 . 8 3 7  225.76 6 3 7 .  ~ 0 3 ,  225.75 21.36 454.  i t r ~  
4,873 4.842 210.10 590.  716. 210010 18 .94  44%. 11920 
4 ,873 4.847 195.10  5 4 5 ,  6 3 9 .  195010 16.93  4430 1168. 
4.873 4 , 8 5 0  183 .52  511. 5 8 3 ,  183.52 15.19 4 3 9 .  1167. 
4.873 4 ,854  1 5 7 4 6 5  453 .  4970 167.65  1 2 e ? Q  4 3 4 ,  11144. 
77.9 1.0009 5,177 5.136 247035  7339 9 9 0 .  247e35 2 4 e f 2  4 6 b .  12300 
5.568 5 ,524 260008  810. 1146. 263.08 26.16 4 7 5 ,  1245s  
5.568 5 , 5 2 7  253.03 7 8 4 ,  1087. 253.00 24.09 4710 1 2 4 1 ,  
5.568 5.531 2 4 3 e 9 1  740. 9900 240.91  21.37 4650 1213 .  
5.568 5 0 5 3 4  229.93 7 0 1 ,  904. 229.93 1 9 . 1 1  4590 1183 .  
5.568 5.537 221.55 6 7 1 .  8 4 4 .  2 2 1 . 5 5  17.:4 455. 1179, 
5.568 5.540 210041  630. 7 5 6 .  213041  14 .32  450 .  1170. 
78.0 1,0000 




8 3 . 0  l e 9 0 0 0  
8 4 . 0  le9009 6 , 0 5 6  60010 2 7 5 0 8 9  893. 1304 .  275.89  28.20 4878 1 2 7 3 .  






6.656 5.604 301.65 9719 1429 .  331.65 30.15  499.  1 2 9 6 .  
6.656 6 ,606  296.83 9500 1376.  296.83 28.27 4950 1 2 8 0 ,  
6.656 6,610 287041  910 .  1275 .  287.41 25.09 489s 1 2 4 5 .  
6.656 6.612 279.22 876 .  1184.  279.22 22 .45  483 ,  12013. 
be656 60625  272e86  850. 1 1 2 4 .  272086  23.14 4790 12020 
6 ,656 6.617 265.13 8150 1 0 3 9 0  265.13 16.81 4744 1196. 
91.3 1.0000 7.386 7 . 3 3 3  325.46 1 0 1 2 e  1531. 325.46 31.28 511. 1308 .  
92.0 1,0000 
93.0 1.0000 




93.0 1.0000 3.893 3.862 1 9  4 713. 964, 1 9 1 ,  4 18 .93  441.  1 
200.97 23.21 9990  1 0 0 0 0 0  
i 00 .9  le0000 





4 ,186  
44186 
4.186 
4.553 4 ,518 223e21 4 6 1 0  1205. 05.0 1.0000 
5,004 
5 , 0 0 4  
5 . 004 
5 . 0 0 4  
5 * 004 
5,004 
409.65 233.22 
4,966 2 2 9 . 3 8  




9 4 6 .  1392. 233022 2'3.35 
340, 229u38  2 
242s  222.08 Z 
5 5 3 0  1154. 215.73 1 7 . 3 4  
8 2 1 ,  5, 2 1 3 e 8 0  15.55 
7 9 3 .  3 ,  204,80  12,98 
5,553 484- 1 2 4 2 ,  
193 
4 9 2 ,  P52,46 24,21  
GENERAL E L E C T R I C  COMP4YY 
?LF S Y S T E M  C C R U I S E  E S T I M A T E D  P E R f n R M A N C E  
C A S E  
71,O 
72.0 






























0 3 , o  























6 7 , 8  
92.0 
88.4 
8 4 8 3  
7 6 8 6  
6903 
6 3 0 1  
54.5 
890 
8 9 % 4  
8 5 e 4  
78.8 





8 7 0 8  
81.9 
76,5 
7 2 9 2  
6690  
BETAB WF M 

























0 .  




0 ,  
0, 










19 70 L 
1771 e 
1 5 0 6 .  
1286 .  
1134 .  
909  e 
2 0 6 9 .  
21968 
1967 .  
16 56 , 
1409 o 
1 2 3 9 ,  
1002 . 
2 3 5 7 .  
1 8 9 3 .  
1 5 9 9 s  
1402 o 
1 1 . 3 0 a  
2525 e 
1488 a 
1 3 5 0 ,  
9150. 
9 8 4 .  
868  e 
697 e 
1558 ,  
I 6 4 8  e 
2490 
2 6 4 ,  
OS8 * 
9 4 9 .  
7 6 8  





F O G G  
4 3 2 ,  
3 9 7 ,  
350. 
3 1 1 s  
2 7 8 .  
2 2 9 ,  
5 6 8 ,  
7 2 5 .  
6 6 7 ,  
5 8 8 0  
5 2 3 .  
4 6 7 .  
3 8 5 .  
9 0 9 .  
1138 ,  
1035 .  
9 1 3 0  
812. 
7 2 5 0  
5 9 8 .  
1285, 
325, 
2 9 8 ,  
263. 
2 3 4 0  
209. 
1 7 2 .  
4 2 7 ,  
5 4 6 ,  
351, 
2 9 0 ,  
6 8 4 ,  
835, 
7 7 9 .  
5 4 5 ,  
45ue 
59 ,  
FDLU 
2 9 0 5 ,  
2 7 9 4 ,  
2600 e 
2 4 1 4 ,  
2271 0 
2 0 7 5 ,  
3826 .  
4827 o 
46960 
4472 .  
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